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ABSTRACT 


This thesis investigates the design of an anti-skywave (ASW) AM _ broadcast 
antenna. The parameters of a typical AM broadcast antenna are presented first. Then 
the design proposed by Richard L. Biby is studied by numerical modeling with the 
Numerical Electromagnetic Code (NEC). Bibv’s proposed design involves a ring of 
short radiators with a conventional monopole operating over finite ground. To analyze 
the behaviour of Bibv’s proposed ASW antenna, a generic radiator study is conducted 
to test the ability of different sized radiators to launch the sky wave and the ground 
wave first as isolated elements and then as closely coupled radiators with cancelling 
phasing. Finally, some potential candidate structures are proposed for AM broadcast 
transmission which might achieve the desired characteristics of ground wave 


enhancement and sky wave suppression . 


TABLE OF CONTENTS 


le DN TROD UC TION osc rec andl a a 11 
A. NEED FOR Wie S TU Dp ies 11 
B. ~PROBLEM EN VIRO NIVIE Ne eee ern eee 11 
C. STATEMENT OF THE PROB DE Wig: ce eee 12 
D. SCOPE AND LEMITATIONG Ie pees. cree ee eee 13 
Be: THE ANALYSIS OF BIBY’S ANTI-SKYWAVE ANTENNA ......... 16 
A. DESCRIPTION OF BIBY’S ANTI-SKYWAVE 
ANTENNA gies ction: . < sicteie cataea nr Ooch ee 16 
B. COMPUTER MODELING OF BIBY S ANTENNA 2. See 16 
1. Effect Of Reducing the Number Of Buried Radial Wires 
In the Ground System 23 7 seen. <c) cvreeeere nent of 
2.> Effect of Vamine the Ena se seme pariee rr cee errr ee 25 
Efiect of Vopr woading tite RungaNadiatons «00.0 eee a 
4. ee of Varving the Phase For the 90 Deg. Long Top 7 
>: Effect:of Vainine theswencermiaichitwem- a. syee- e e a7 
Effect of Vanving the Ground @ondmetivity a... ee 39 
Summary of Analysis - Biby’s Proposed Design ............. 43 
IIT. GENERIC. RADIATOR STUDY rr 48 
IV. CANDIDATE ASW SIRUCIURES =... bd See ee ee 61 
Ne CONCLUSIONS AND REGOMIMIENDAMN@NS Se: es eee 64 
A. - CONCLUSIONS: ace es a eee eee 64 
B.. RECOMMEND AWIO NS oie ee it eee 64 
APPENDIX A: RADIATION PATTERN PLOTS - GENERIC 
RADIA TOR? Si Wee arr rare ee cae 66 
APPENDIX B: INPUT DATA SETS USED HORSE GOrre ie 
MODELS . .. osetia: ten eee teeter we eee fez 


APPENDIX C: NUMERICAL ELECTROMAGNETIC CODE............. 164 
(MPLINIIURCOIDUOTTON © cl ec cc cece eves sececeecccvce. 164 
2. ELECTRIC FIELD INTEGRAL EQUATION (EFIE) ......... 164 
3. MAGNETIC FIELD INTEGRAL EQUATION............---- 165 
AMMEN HERI ol SONU Tl © Nimes evs uuenaln> « ssc dadnseew ane. 165 
ST a=) OWN Os en sees ns nannsnanrinesicnerensan 166 
Eee WIRE VIODELING GUIDELINES ......-.....-+.+e-ce0 ee. 166 
7, MODELING STRUCTURES OVER GROUND .............. 167 
LU MOP Ve 225.16 169 
LLORAS i i i 170 
(MMMIA DISTRIBUTION LIST..........-......00..080- lee ccc eee ee 171 


Co 


HISIOF TABERS 


COMPARISON OF BIBYS RESULTS AND Tienes LS: eee 20 
COMPARISON OF RESULTS - VARYING THE NUMBER OF 

BURIED RADIAL GROUNDS WARES yee ens. one Jip 
EFFECT OF VAR Yi NGeERIESEEIA S © atrer aree erreennn. . . . cee 2 
EFFECT OF VARYING THE TOP HAT OF Tite sonia iG 
RADIATORS | oie ee sec nee aie a a ie ow 5 oe eee 32 
EFFECT OF VARYING THE PHASE - 90 DEG. LONG TOP HAT ....... 37 
EFFECT OF VARYING THE PENCE Pil Geese eee 38 
EFFECT OF VARYING THE GROUND CONDUGR i 42 
GE CARD OPTIONS IN NEC... . 20.5 etree 168 


6 


to 
1.2 


Zl 
oo 
os 
2.4 
ao 
2.6 
va 
2.8 
ae 
2.10 


2m 


Dole 
Zs 
2.14 
ZAS 
2.16 
Zig 
2.18 
2.19 
2.20 
2 
2.22 
al 

3.2 

3D 

3.4 


LIST OF FIGURES 


ely picalae Broadcast Antenna NEG wire Modelain.uus......05... 14 
Vertical Radiation Pattern of an AM Broadcast Antenna over Finite 

Sc ee eee ee uae ee - Us 
Peer inenviodel of Bibys ASW Antenna ...... .<cieeees oc uue..... 17 
pees yy vimtenna - Driven Elements < . 2... 2... ccc ec sv time ee wee 18 
Hee roposed Radiation Pattern of Bibys Antenna ..................... 2 
adiaiion vate on biby Ss Antenna = NeC RUM ++. .....-5 +> mrss ssse es 2 
Elevation Radiation Pattern - 120 Radial Wire Ground Screen ............ 23 
Elevation Radiation Pattern - 16 Radial Wire Ground screen ............. 24 
madiation rauerm - Phase Difference = 1845 Degrees sagtuia ss. 24 sees. « 26 
Percom Daetenil WO LOD bldt 2% ona coh oo «Sia 6 2 eitpeapeucnceaniee  - 28 
Po lelieg Paitsey 75% Iie se eic See s.r 29 
Radiation Pattern - 4/16 Top Eee es cas ee cries 30 
Radiation Pattern - 4/4 Top Hat ............... iN.» eae 31 
Radiation Pattern - 4/4 Top Hat, A® = 180.0 Degrees ................. 33 
Radiation Pattern - 4/4 Top Hat, AD = 184.0 Degrees ................. 34 
Radiation Pattem - A/4@lopkiatjwA@: =istS Degreesmngasees.... 2a... 35 
Radiation Pattern = 4/4 Top Hat,.A® = 185.0 Degrees .............5... 36 
aeranen Pattern - lOjDer. High Gemce ivi .. . «cesses ace... By 
bea@iatien Pattern - 20 Der, Haghwgence cc... . . 5 0. ee ee nc een ee dQ 
Perdiavionimiaahce ero Omme?: Tita eiCe.. 2. yee. cs sus se dedi ee 41 
Maciinione: aterm - beneet Groumge. .44 75%... 0 9 ew ww ee 44 
Radiation Pattern - Good Ground (o = 0.4 S/M) ............. 20. cease 45 
hadianion Pattern - FaiGround(@ = 0:004S/M) 292. ...25........685 46 
Radiation Pattern - Poor Ground (o = 0.00004 S/M) ...............00-. 47 
Msc ele eee, NN, ce liad... ee ec ee ee ee ee 50 
SOP DONS haan era.) s MME See. align ov swe os eee a we ae es eee oT 
Ieee” OU MIPamme OmCnnOlC eee, « (aud 0 4+ + eta es ee ee a2 
PeGec@lenDecmnOnOpOle s- 22 ..4-..----.-..-.... 0.0... 22 e..... 53 


35 
3.6 
oy 
3.8 
oo 
3.10 
3.11 


4.1 
4.2 
A.l 
A.2 
A.3 
A.4 
A.5 
A.6 
yf 
A.8 
fave 
A.10 
A.ll 
ee 
A.13 
A.l4 
A.15 
A.16 
ele 
A.18 
A.19 
A.20 


A.21 


A.22 


Coupled 90 Deg. Monopoles 
Coupled 10 Deg. Monopoles 
Ground Wave Field Strength For Isolated Dipole 
Ground Wave Field Strength For Coupled Dipoles 
Ground Wave Field Strength For Isolated Monopole 
Ground Wave Field Strength For Coupled Monopoles 


Ground Wave Field Strength For Coupled Dipoles and Coupled 


Monopoles 
J Antenna - Plan view 


J . Antenna 


«eee eeeeef# e@ @ # @ 


Radiation Pattern - 180 Deg. 
Radiation Pattern - 180 Deg. 
Radiation Pattern - 180 Deg. 
Radiation Pattern - 180 Deg. 
Radiation Pattern - 180 Deg. 
Radiation Pattern - 180 Deg. 
Radiation Pattern - 180 Deg. 


Radiation Pattern - 20 Deg. 
Radiation Pattern - 20 Deg. 
Radiation Pattern - 20 Deg. 
Radiation Pattern - 20 Deg. 
Radiation Pattern - 20 Deg. 
Radiation Pattern - 20 Deg. 
Radiation Pattern - 20 Deg. 
Radiation Pattern - 20 Deg. 
Radiation Pattern - 20 Deg. 
Radiation Pattern - 180 Deg 
Radiation Pattern - 180 Deg 
Radiation Pattern - 180 Deg 


Radiation Pattern - 180 Deg 
Ground 


Radiation Pattern - 180 Deg 
Ground 


Radiation Pattern - 180 Deg 
Ground 


ee @ @ @ @ @ #¢ @ @ @# @ @ @ @ @ @ 


«se e¢@# @ @# @ €¢ @ @ @ @ @ @ @ @ @ @ 


e ee ¢ 


son 4 3 og oe fue Seek G eleetieieas Sic ee Renee nn 54 

s 44 0 oon Win ice sence at penne ae Sane ea SD 
rad b baa oo 6 ee eee 56 

fae.3. 3:5 ane ta 37 

aks. oe 58 

eee ree Gs .s > oe 

on 5 ae ete oo 6 oat a ee au otra oc 60 
wea a a ttece Oa a RRP occas a SE 62 
no 98 Sisehle! 6 tea ce 63 
Dipole in Prec espace meee re eer 8 66 
Dipole OvemPeriech Ground)... 67 
Dipole over Finite Giovincie err 68 
Dipole 0.5 Deg. over Finite Ground ......... 69 
Dipole Weer over minite Grortid see 70 
Dipole 2 Deghover Mimite Grouiide een 71 
Dipole 5 DegSover Finite Ground?. i 
Dipole in Pree Stace a oe eee 73 
Dipole over Perlece Ground anaes oe 74 
Dipole-over HimiesGroundaeey... ...-. .. 1. en 75 
Dipole 0.5 Deg. over Finite Ground .......... 76 
Dipole |) Des over mime Ground . 7 77 
Dipole 2 Dezsrover Finite Groulldesen eee 78 
Dipole 5 Decwover Binite Ground. . eee 79 
Dipole 10 Deer over Finite Ground. 80 
Dipole 15 Dev mover Finite Grovndee eee 81 
. Coupled Dipotes in nee Space yee eee 82 
. Coupled Dineles oven Pentect Ground 83 
. Coupled Dinotes over Finite Grounce... 84 
tts. a, 85 
RMSE | 86 
eee PS ee. 87 


A.23 


A.24 
A.25 
A.26 
A.27 


A.28 


A.29 


A.30 


A.3a 


A.32 


A.33 


A.34 
A.35 
A.36 
A.37 
A.38 
A.39 
A.40 
A.41 
A.42 
A.43 
A.44 
A.45 
A.46 
A.47 
A.48 
A.49 
A.50 
A.51 


Radiation Pattern - 180 Deg. Coupled Dipoles 5 Deg. over Finite 


Groun 


eee # @¢ @¢ #8 © @ @# # # #8 @ @ 


Radiation Pattern - 20 Deg. 
Radiation Pattern - 20 Deg. 
Radiation Pattern - 20 Deg. 
Sec ee Pattern - 20 Deg. 


Groun 


Radiation Pattern - 20 Deg. 
Ground 


Radiation Pattern - 20 Deg. 
Ground 


¢* ¢ «© @ @ @ 8 © @ @ 8@ @# #8 @ @ @ 


Radjation Pattern - 20 Deg. 
Ground 


Radian Pattern - 20 Deg. 


so @e¢ee¢#¢@e#¢#e@¢ @ @® @ @® e# #« 


roun 


ee | 


Radiation Pattern - 20 Deg. 
Ground 


¢«*?e@#h068fm6mUtmC OU OHUmUCUC HU OU OhUClCmhhUCUhFhUCCUchhUClUrhUlUc hUClUh hl 


Radiation Pattern - 20 Deg. 
Groun 


ee «© @ «8 @© © © «© @ @ @ 8 8 © 8 @ 


Radiation Pattern - 90 Deg. 
Radiation Pattern - 90 Deg. 
Radiation Pattern - 90 Deg. 
Radiation Pattern - 90 Deg. 
Radiation Pattern - 90 Deg. 
Radiation Pattern - 90 Deg. 
Radiation Pattern - 90 Deg. 
Radiation Pattern - 10 Deg. 
Radiation Pattern - 10 Deg. 
Radiation Pattern - 10 Deg. 
Radiation Pattern - 10 Deg. 
Radiation Pattern - 10 Deg. 
Radiation Pattern - 10 Deg. 
Radiation Pattern - 10 Deg. 
Radiation Pattern - 10 Deg. 
Radiation Pattern - 10 Deg. 
Radiation Pattern - 90 Deg. 
Radiation Pattern - 90 Deg. 


IM. ee we 88 
Scupica Mipoles in Free Space .............. 89 
Coupled Dipoles over Perfect*"Ground” ........ 90 
Coupled Dipoles over Finite Ground......... 91 
Coupled Dipoles 0.5 Deg. over Finite o 
Coupled Dipoles 1 Deg. over Finite o 
Coupled Dipoles 2 Deg. over Finite a4 
Coupled Dipoles 5 Deg. over Finite a 
Coupled Dipoles 10 Deg. over Finite 96 
Coupled Dipoles 15 Deg. over Finite oe 
Coupled Dipoles 20 Deg. over Finite ie 
WEOMODOlemIAmTCC SPACE 455.5000 +e ee a 99 
Monopole over Perfect Ground............. 100 
MenopOleOvemmIMitcG@nrOUnds............. 101 
WMonepole 05 Deo. over Finite Ground ...... 102 
Nromepole | Deg: over Finite Ground -...... 103 
NIOMODOle ces over imite Ground ....... 104 
vWronopole > Deamover Finite Ground ....... 105 
Momepolcskimience Space .. Senn... cc es 106 
Monopelevovemmertect Ground er... oe 107 
Monepolesevertsinite Ground sermee.s.e. es 108 
Monopole 0.5 Deg. over Finite Ground ...... 109 
Monopole | Deg. over Finite Ground ....... 110 
Wretiopole 2 Des. over Finite Ground .™.... 111 
Wionopele 5 Deg. ower Fimite Grounds ....... ts 
Monopole 10 Deg. over Finite Ground....... 113 
Mane pole lo Meg. Over Fimte Ground....... 114 
@ouplederenopoles in Free Space .......... 115 
Coupled Monopoles over Perfect Ground .... 116 


A.52 
A.53 


A.54 
A.55 
A.56 


A.57 
A.58 
pio9 
A.60 


A.61 
A.62 
A.63 
A.64 
A.65 


A.66 


Radiation Pattern - 90 Deg. 
pee ere Pattern - 90 Deg. 


Groun 


Radiation Pattern - 90 Deg. 


roun 


oe Pattern - 90 Deg. 


Groun 


Radiation Pattern - 90 Deg. 
Ground 


Radiation Pattern - 10 Deg. 
Radiation Pattern - 10 Deg. 
Radiation Pattern - 10 Deg. 


Radiation Pattern - 10 Deg. 
Ground 


Radiation Pattern - 10 Deg. 
Ground 


Radiation Pattern - 10 Deg. 
Ground 


Radiation Pattern - 10 Deg. 
Ground 


Radiation Pattern - 10 Deg. 
Ground 


Radiation Pattern - 10 Deg. 
Ground 


‘Radiation Pattern - 10 Deg. 
Ground 


Coupled Monopoles over Finite Ground 


Coupled Monopoles 0.5 Deg. over Finite 


ee eeeeee?e**es eee e# @# @# ¢ ¢ @# @ @ @ @ @ © @ @ @ @ @ @ #@® @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ & & he hh Hh Hh 6H HO 


ee 0@ @ @ @ @& @ @& @ @ @ @ @ ¢@8 @ @ @©& @ @& @ @ @ & & & eh emhUchntmhmhmhmhOhUCCmrhhmhUCUhOmhUhO +H FC FC FC fF fC & & © © eee ehmraemhmhmeamcr cmc mcUmUrhTmUmrhmU Uh hr hOmhUlhOF 


ee eeeeeeeee @ @ @ @© @ @©& & @ @ @ @ © @ @ © @ @ © @ &@ @& @& @& @ © © @ © © © @ © © © & © © © @ © © © © © & @ 


Coupled Monopoles in Free Space 


Coupled Monopoles over Perfect Ground .... 


Coupled Monopoles over Finite Ground 
Coupled Monopoles 0.5 Deg. over Finite 


eee @e# #8 @# @# @# # @ @ @ @ @ @ # @ @ @ @ @ #© @# @ @ @ @ @ @ @® @ @ @ @ @ #@ @# #® #® @ @ @ @ @ @ @ @ @ @ #® @ #® @ @ @ @ 


7. @¢ © @© @ 8 @® @ © @ © @ © @ @ @ # #@ @ ®@ @ @ # @ @ @ @ @ @ @ @ @ @ @ @ @ @ #@ @ @ @ @ #@ @ # @ @ #© @ @ &@ # &@® &@ 8&8 @ 


ee @ @ @ © @ @ @ @ # # @ @ @© @ @ @ @ @ # #@© @ @ @ @ @ @ © @ @ @ @ @ @ @ #© @ @ @ @ @ @ @ @ @ @ @ # @ @ @ @ @ @ @ 


»_e@ @ ¢ @ 6 © @& © @ @ @ @ @ @& @ @ @ @ @ @ @ @& @ © #@& © @ @ @ &@ @ @& @ @ @ @ @& @ © @ @ @ © &@ @ @ @ @ @ © © @ @ @ 8 @ 


ee es @ @ @ @# @ @# @ @ #@ @© @ @ @ @ @ #® @ @ @ # @ &@ @ @ @ @ @ @ @ @ @ @ @ #@# @ @ © @ @ @ @ @ @ @ @ @ @ @ # @ @ @ # @ 


I. INTRODUCTION 


A. NEED FOR THE STUDY 

In North America the medium frequency AM broadcast channels, depending on 
their coverage area, are described as clear, regional and local. In United States the AM 
broadcast stations are classified by Federal Communications Commission (FCC) as 
class I, II, III and IV for minimum required antenna performance and power 
limitations. Of these only the class I stations, operating on clear channels, are allowed 
to render ground wave service during day time and both ground wave and sky wave 
services at night. All other classes of AM broadcast stations are supposed to provide 
ground wave services only. However in practice the sky wave results in every class of 
AM broadcast transmissions, rather the bulk of the energy transmitted goes into the 
sky wave and considerably small portion constitutes the ground wave. This existance of 
the skv wave for class II, III and IV stations not only results in loss of efficiency, but 
can also cause severe undesired night time interference in regions where the station is 
not intended to be heard. . 

Therefore there is a need to design an antenna for the class II, III, and IV 
medium frequency AM broadcast stations which should cancel or suppress the sky 


wave and enhance the ground wave. 


B. PROBLEM ENVIRONMENT 

Most of the medium frequency AM broadcast stations use vertical radiators as 
antennas. The height of the radiator varies from one-sixth to five-eighths wavelength 
(Ref. 1: 25-2]. The economic considerations and the desired characteristics determine 
the height of the antenna for a particular AM broadcast station. Generally the height 
of the antenna is chosen to be one-quarter wavelength . The radiators can be either 
insulated at the base or grounded with shunt excitation. The current return path 
includes the space and the ground. Due to high current densities in the ground, the 
conductivity of the ground is raised by incorporating a radial buried ground system. 
The typical ground system consists of 120 quarter wave length long radial wires buried 
about 4 to 6 inches below the surface of the earth. 

Figure 1.1 shows a typical AM broadcast antenna with a 120 quarter wave length 


long radial wire ground screen. The elevation radiation pattern of a typical AM 
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broadcast transmission is shown in Figure 1.2. The radiation pattern shows that the 
bulk of the energy goes into the sky wave. The electric field strengths at | KM for 1 
KW input power and finite ground conductivity of 0.004 S/M are: 
Ground wave : 272 mV/M 
Sky wave : 210 mV/M 
The input resistance is 37.3 ohms. 

Besides improvements in the ground wave versus sky wave, the antenna system 
should also have reasonable impedance and bandwidth. The cost effectiveness of the 
designed antenna is also important. It should not make the existing antenna redundant, 
rather it should be able to use the existing quarter wave monopole and the 120 quarter 
wave long radial buried ground system and make the necessary modifications to affect 
the desired improvements. The new structure should also not demand expansion in 


terms of real estate as it might make it unfeasible for some radio stations. 


C. STATEMENT OF THE PROBLEM 

Efforts to increase the ground wave efficiency and reduce the sky wave 
interference of AM broadcast antennas have not been very successful in the past. Some 
structures like the ones designed by W.W.Hansen and Franklin do provide the desired. 
results, but they have not been adopted for the reasons of either real estate or 
impractical size. Richard L. Biby has presented the design of an antenna [Ref. 2], 
which is claimed to meet the requirements of ground wave enhancement and sky wave 
| suppression. Biby’s concept is interesting as the design is shown to be suppressing the 
sky wave and enhancing the ground wave by approximately 6 dB. Biby has used his self 
generated Fortran code to analyze his design. Therefore the validity of the Bibv’s 
results need to be verified by modeling with some powerful and recognized computer 
modeling program like Numerical Electromagnetic Code (NEC). 

Chapter II starts with the description of the Biby’s proposed design. Then his 
proposed structure will be modeled using Numerical Electromagnetic Code (NEC). 
Based on the computer results the ground wave versus sky wave characteristics of this 
so called anti-skywave antenna will be analvzed. As Biby’s design involves closely 
coupled short radiators, therefore it will be appropriate to do a generic radiator study 
which will help to explain the behaviour of the Biby’s antenna. 

Biby’s proposed design employs only one ring consisting of 8 short “ring 


radiators’. The idea seems to have stemmed from [Ref. 3], which proposes that 


increased directivity in the vertical plane is possible by placing a set of short radiators 
either in a single ring or in multiple concentric rings driven with suitable phasing and 
amplitude ratio. Based on this concept some candidate ASW structures will be 


explored. 


D. SCOPE AND LIMITATIONS | 

Though the medium frequency band spans from 300 to 3000 KHz, the broadcast 
service 1s restricted to a band from 535 to 1605 KHz [Ref. 1: 25-1]. In this thesis the’ 
research will be done at 1000 KHz as it is approximately in the middle of the limits of 
the AM broadcast band and Biby has also selected this frequency for his proposed 
antenna. If the research produces some solution model to the problem then it can be 
verified for the other frequencies in the band as well. 

Numerical Electromagnetic Code [Ref. 4] will be used to model the radiating 
systems. As described in Appendix C, the computer simulation time increases with the 
number of segments in the model. How far the number of radials in the ground system 
can be reduced from 120 without affecting the performance seriouslv will be 
investigated. 

wom special versions of WWEC were used in this study. INPGNECI is a 
conventional NEC3 code with the added capability of allowing driving point currents 
to be specified and is limited to 300 wire segments. NECGSI also permits current 
drives but has highly efficient radial symmetry features, suited to monopoles with radial 
Wire ground screens. The segment limit for NECGSI is 150 segments for the monopole 
and one symmetric radial section. Careful construction of the input data sets is 


necessary in order to stay within the segment limits of these codes. 


90 DEG. MONOPOLE/120 QUARTER WAVE RADIALS 





THETA = 75.00 PHI = 1.50 ETA = 90.00 


Figure 1.1 A Typical AM Broadcast Antenna - NEC Wire Model. 


14 


90 DEG. MONOPOLE, FINITE GROUND, 120 RADIALS 


FREQ. = 1 MHZ, PHI = 0 AND 180 DEG. 


FIELD STRENGTH IN V/M/KW AT 1KM 


SURFACE 
TOTAL 





ANGLES IN ELEVATION PLANE 


Figure 1.2 Vertical Radiation Pattern of an AM Broadcast Antenna over Finite Ground. 


Il. THE ANALYSIS OF BIBY’S ANTI-SKYWAVE ANTENNA 


A. DESCRIPTION OF BIBY’S ANTI-SKYWAVE ANTENNA 

Figure 2.1 and Figure 2.2 show the NEC wire models of Biby’s proposed ASW 
antenna. It consists of a base fed quarter wave length long vertical monopole and eight 
10 degrees high short ring radiators placed at a radial spacing of 5 degrees from the 
quarter wave monopole. The whole structure is simulated over a finite ground 
consisting of 120 quarter wave length long buried radial wire ground system. At the 
outer edges of the radial wires, a 10 degree high electrical fence is raised. 


Biby modeled his ASW antenna with the following parameters: 


monopole height : 1o5 degrees 
ring height : 10 degrees 
ring spacing eo degrees 
fence height ; 10 degrees 
frequency ; -IMHz 

earth conductivity + 0.004 S/M 
relative earth permitivity: 15 
monopole current drive : 8.27A 

ring current drive © 7.32 A 


The resulting radiation pattern as obtained by Biby is shown in Figure 2.3. The 
unattenuated ground wave field strength is shown to have increased to 827.0 mV/M at 
1 KM for 1 KW input power and the loop resistance dropped to 13.2 ohms. As 
mentioned in chapter I, the typical AM broadcast antenna has a ground wave field 
strength of 272 mV/M at 1 KM for 1 KW input power and a loop resistance of 37.3 
ohms. It seems as if the Biby’s antenna suffers slightly with regard to the drive point 
impedance, but has considerable enhancement of the ground wave. It is this claim 


which will be examined critically in the following sections. 


B. COMPUTER MODELING OF BIBY’S ANTENNA 

The Biby’s ASW antenna with the parameters as described in section A of this 
chapter was modeled on the IBM 3033S computer at NPS main frame using the 
Numerical Electromagnetic Code (NEC). The listing of the data set used is given in 


Appendix B.1. The phase relationship between the drive currents for the monopole and 
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135 DEG. MONOPOLE/10 DEG. RING/10 DEG. FENCE/120 RADIALS 
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Figure 2.1 NEC Wire Model of Biby’s ASW Antenna. 


135 DEG. MONOPOLE/10 DEG. 8 RING RADIATORS/5 DEG. SPACING 


THETA = 60.00 PHI = 1.50 ETA = 90.00 


Figure 2.2. Biby’s ASW Antenna - Driven Elements. 
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Figure 2.3 The Proposed Radiation Pattern of Biby’s Antenna. 


200 


TABEE 
COMPARISON OF BIBY’S RESULTS AND THE NEC RESULTS 


Ground Wave Space Wave Input Resistance 
Field Strength Field Strength in Ohms 


in mV/M/ inmV/M/K 
at IKM at IKM 


827.0 45.0 
33 45.1 





the ring radiators is not specified in the paper written by Biby. A phase difference of 
180 degrees between the monopole and ring drive currents will be assumed to model 
Biby’s proposed antenna. Modeling Bibv’s current driven antenna with the fence 
exceeds the linut on the number of segments as imposed by NECGSI and. NPGNECI. 
Therefore Biby’s ASW antenna will be modeled using NEC without tne fence andeuae 
effect of fence will be studied later in this chapter. : 

The radiation pattern as obtained by the NEC run is shown in Figure 2.4. A 
comparison of the results by Biby and the ones obtained via NEC is given in Table 1° 
As apparent from the table, the values obtained by NEC differ considerably from 
Biby’s results. 

Though the NEC model does not contain the fence as recommended by Bibvy, it 
would have made little difference. The fence is supposed to impede the out-of-phase 
ground wave generated by the short ring radiators without affecting the monopole’s 
desired ground wave significantly. Later in this chapter the effect of the fence will be 
studied by reducing the number of radials to remain within the NEC limit on the 
number of segments. Since phasing of the current drives is also very important, the 
phase will also be varied on either side of 180 degrees to see if Biby’s claims are valid. 
Biby suggests the use of a top hat to increase the effective length of the ring radiators, 


therefore the effect of top loading will also be studied. 
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Figure 2.4 Radiation Pattern of Biby’s Antenna - NEC Run 
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1. Effect Of Reducing the Number Of Buried Radial Wires In the Ground System 

The standard practice in the AM broadcast antenna is to have a buried 
ground system with 120 quarterwave radial wires. This raises the conductivity of the 
ground. NPGNECI and NECGSI are the two versions of NEC at NPS which support 
current sources. But they have a dimension limit as discussed in Chapter I. Therefore, 
it is appropriate to see the effect of reducing the number of radial wires from 120 down 
to 16 for the standard AM broadcast antenna. If the performance does not suffer 
drastically, then it will facilitate the study of fence and ring radiators with top hats for 
Biby’s concept. 


TABLES 


COMPARISON OF RESULTS - VARYING THE NUMBER OF BURIED 
RADIAL GROUND WIRES 


STANDARD AM BROADCAST ANTENNA 


Number Ground Wave Space Wave Input Resistance 
of | Field Strength ield Strength in Ohms 

Radial in mV/M/KW in mV/M/KW 

Wires at IKM at IKM 


120 273.9 ice 38.916 + 422.289 
16 260.3 204.9 44.544 + j26.166 





The data sets used to model a typical AM broadcast antenna with 120 radial 
wires and the one with 16 radial wires are given in Appendix B.2 and B.3 respectively. 
The elevation radiation patterns as produced by NEC are shown in Figure 2.5 and 
Figure 2.6. A comparison of the output results is given in Table 2. 

Reducing the number of radial wires reduces the ground wave field strength 
from 273.9 mV/M to 260.3 mV/M, but it also decreases the sky wave proportionally. 
Due to decreased conductivity, the drive point impedance increases with 16 radial 


wires. These results allow further study of Biby’s concept with a 16 buried radial wire 


ground system. 
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90 DEG. MONOPOLE, FINITE GROUND, 120 RADIALS 
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Figure 2.5 Elevation Radiation Pattern - 120 Radial Wire Ground Screen. 
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Figure 2.6 Elevation Radiation Pattern - 16 Radial Wire Ground screen. 
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The results were not 


, Biby’s ASW antenna was modeled using NEC 
cancellation of the monopole’s sky wave by the 


Biby. The 
ring’s skv wave did not take place, but hopefully it might for phase in the vicinity of 


g of this section 


-_ 


In an effort to find this cancelling phase, the ASW antenna will be 


2. Effect of Varying the Phase 
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180 degrees. 


modeled using NEC with the drive currents phase difference scanned on either side of 
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Figure 2.7 Radiation Pattern - Phase Difference = 184.5 Degrees. 


The ASW antenna with the following parameters was used for this study: 


ring height : 10 degrees 
frequency : | MHz 
earth conductivity > 0.004 S/M 


relative earth permitivitv: 15 

The results of different NEC runs are given in Table 3. As the phase is 
reduced from 180 degrees, the ground wave field strength starts increasing relative to 
the value at 180 degrees, but so does the sky wave. The drive point impedance also 
increases as the phase is reduced. Similar effects are observed when the phase difference 
is increased from 180 degrees, except that the drive point impedance now decreases as 
the phase difference 1s increased. Due to this reduction of drive point impedance, the 
phase difference was not varied beyond 184.5 degrees. The listing of the data set used 
for the NEC run with the drive current phase difference of 184.5 degrees is given in 
Appendix B.4. . 

All these variations are not significant as there is an overall attenuation of the 
radiated energy. The lossy ground seems to be soaking up most of the power. The 
highest value of the ground wave field strength achieved is 60.9 mV/M as shown in 
Figure 2.7, which is 12.9 dB down from the one produced by the typical AM broadcast 


antenna. The null in the radiation pattern is also not steerable. 


3. Effect of Top Loading the Ring Radiators 

Biby suggests the use of quarter wave length long top hats for the short ring 
radiators to increase their effective length [Ref. 2: p-11,13]. The ASW antenna with a 
drive current phase difference of 184.5 degrees was used to study the effect of different 
top hats. The data set used for a typical NEC run with top hat length of 4/4 is given in 
Appendix B.5. The results of the NEC runs are given in Table 4. The radiation 
patterns of the ASW antenna with different top hats are shown in Figures 2.9 to 2.11. 
For comparison the radiation pattern of the same structure without the top hat is 
shown in Figure 2.8. The top load does not seem to aid in enhancing the ground wave 
and in canceling the sky wave significantly. However, the shape of the radiation 
pattern does change with a top hat. With a A/32 top hat, the suppression of the sky 
wave is relatively higher than the suppression obtained by the structure with no top 
hat. As the length of the top hat is increased to A/16, the ground wave increases 


slightly but so does the sky wave. By increasing the top hat to 4/4, the length 
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Figure 2.8 Radiation Pattern - No Top Hat. 
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Figure 2.9 Radiation Pattern - 4/32 Top Hat. 
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Figure 2.10 Radiation Pattern - 4/16 Top Hat. 
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Figure 2.11 Radiation Pattern - 4/4 Top Hat. 
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suggested by Biby, not only does the ground wave field strength decrease, but the 
antenna Starts generating multiple sky wave lobes in the radiation pattern. The increase 
in the number of sky wave lobes can add to the problem by causing undesired 


interference at multiple ranges. 


TABLE 4 
EFFECT OF VARYING THE TOP HAT OF THE SHORT RING 
RADIATORS 


Length Ground Wave Input Impedance 
of The Field Strength (hE xe) Ohms 
Top Hat in mV/ M/ KW 


at IXKM 


No Top Hat - 61.9 5.634 + j52.808 
d/32 52.0 646 aloe so 
d/16 61.0 6.107+ j53.486 
d/4 49.2 5.869 + j53.148 





4. Effect of Varying the Phase For the 90 Deg. Long Top Hat 

In the preceding section Biby’s ASW antenna was studied for different top hat 
lengths. The /4 i.e 90 degree long top hat with drive current phase difference of 184.5 
degrees did not show any improvement in the ground wave versus sky wave 
characteristics. As Biby has suggested the use of 4/4 top hat for the ring radiators, the 
ASW antenna with a A/4 top hat will be modeled with different drive current phase 
difference to see if it enhances the ground wave and suppresses the sky wave. The 
results of different NEC runs are given in Table 5. The radiation patterns obtained are 
shown in Figure 2.12 to Figure 2.15. 

As shown in Figure 2.13 and Figure 2.15, the multiple lobes 1n the radiation 
patterns remain when the drive current phase difference is varied half a degree from 
184.5 degrees. At the phase difference of 180.0 degrees, which not only eliminates the 
extra lobes being produced in the radiation pattern, but also gives a ground wave field 
strength of 113.3 mV/M, the best value is obtained so far in this study of the ASW 
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Figure 2.12 Radiation Pattern - 4/4 Top Hat, AD = 180.0 Degrees. 
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Figure 2.13 Radiation Pattern - 4/4 Top Hat, AD = 184.0 Degrees. 
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Figure 2.14 Radiation Pattern - 4/4 Top Hat, AD = 184.5 Degrees. 
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Figure 2.15 Radiation Pattern - 4/4 Top Hat, ADM = 185.0 Degrees. 
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TABI > 
Puget | Or VARYING THE PHASE - 90 DEG. LONG TOP HAT 


Phase Ground Wave Space Wave Input Impedance 
Difference Field Strength miclcestiemetl (tide jx ) Ohms 
in Degrees in mV/M;KW in mV/M' KW 


at 1K at IK Mi 


180.0 . 86.7 1.431 - j69.907 
184.0 19.8 5.373 - {89.677 
184.5 F 26.3 0.934 - j96.748 
185.0 19.7 4.784 - j89.222 





antenna. However, compared with the tvpical value of 272.0 mV/M produced bv the 
standard AM broadcast antenna, the proposed ASW antenna is still low in ground 


wave performance. 


5. Effect of Varying the Fence Height 
The vertical fence placed at quarter wave from the origin forms an important 
element of Biby’s proposed design. Biby has suggested a height of 10 degrees for the 
fence [Ref. 2]. Due to the short height of the fence, it is assumed to be attenuating the - 
out-of-phase ground wave produced by the short ring radiators without affecting 
appreciably the ground wave generated by the taller quarter wave high monopole. The 
effects of a 10 degree high fence and increasing its height will be studied by modeling 


the proposed ASW antenna with the following parameters: 


monopole height : 90 degrees 

ring height : 10 degrees 

ring top hat length : 80 degrees 

fence height : 10, 20, 30 degrees 
no. of buried radials ; m=to 

frequency : whiz 

earth conductivity : 0.004 S/M 
relative earth permitivity ae lS 


drive current phase difference : 180 degrees 
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Modeling the fence requires a large number of segments. The reduction in the 
number of buried radial wires from 120 to 16 allows us to remain within the limit of 
150 segments as imposed by NECGSI and the 300 by NPGNECI. Biby has suggested 
a length of quarter wave for the top hat, which 1s not practical as the ring radiators are 
already spaced 5 degrees from the origin and the top hat also has to be isolated from 
the fence. A spacing of 5 degrees is assumed between the top hat and the fence, which 
allows a maximum length of 80 degrees for the top hat. The listing of the data set used 
for a tvpical NEC run for this study is given in Appendix B.6. The radiation patterns 
obtained are shown in Figures 2.16 to 2.18. 


TABLE 6 
EFFECT OF VARYING THE BENGE EIGH® 


Pence Ground Wave Space Wave Input Impedance 
Height Field Strength PielduStrencth meh cme) © inis 
in Degrees in mV/M/KW in mV/M/KW | 


at IKM at [KM 


No Fence les oO 1.431- 69.907 
10 igen) 101.3 4.906 - 360.575 
20 134.5 [C22 4.759 - }61.779 
30 an heey 4.816 - 362.375 





The 10 degree high fence is not attenuating the ring ground wave as expected 
(Table 6), rather its inclusion adds to sky wave. As the height of the fence is increased 
to 20 and 30 degrees both the ground wave and the sky wave field strengths increase by 
a small amount. This small increase in the field strength is assumed to be taking place 
due to the reradiation of the energy from the fence. These results show that the fence 
at quarter wave from the origin is not accomplishing the purpose of attenuating the 
ring ground wave without affecting the monopole ground wave appreciably. This 


result is consistent with a fence study reported by R. W. Adler, earlier [Ref. 5]. 
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Figure 2.16 Radiation Pattern - 10 Deg. High Fence. 
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Figure 2.17 Radiation Pattern - 20 Deg. High Fence. 
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Figure 2.18 Radiation Pattern - 30 Deg. High Fence. 
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6. Effect of Varying the Ground Conductivity 
For an AM broadcast antenna the space current finds its return path to the 
excitation source through the ground plane surrounding the earth. When operating at 
high power levels, large current densities are encountered. Therefore the strength of the 
radiated field depends on the power absorbed by the lossy ground. Biby has modeled 
his proposed ASW antenna over a fair ground with a conductivity of 0.004 S/M 


[Ref. 2]. To study the effect of varying ground conductivity, Biby’s proposed antenna 


was modeled with the following parameters: 


monopole height 


ring height 


90 degrees 
10 degrees (no top hat) 


no. of buried radials 16 
frequency 1 MHz 
relative earth permitivity i 


drive currents phase difference : 


ground 


180 degrees 


perfect 


good (o = 0.4 8/M) 
(o = 0.004 S/M) 
poor (o = 0.00004 S/M) 


fair 


Piste 
EFFECT OF VARYING THE GROUND CONDUCTIVITY 


Monopole 


Ring Ground 
Wave 


in mV/M 


Monopole Ring 
Z. Z. P ie 


1 1 1 1 


in © in Q in W in W 


Space 
Wave 


in mV/M 


4.6+)52.3 
Ble jane 
2.1+j46.8 
1. +j46.9 


-1.6-j2768 
0.9-j2753 
7.2-j2753 
2.4-j2774 


5023.8 
467.2 
52.6 
ele 


-4524.4 

3258 
447.4 
seas 


aU Sel 
44. 
46.5 
1380 


0.4 
0.004 
0.00004 





As we switch from perfect ground to real ground, much of the energy is 


absorbed into the ground. The drive point impedance is still much lower than that of 


the standard AM broadcast antenna, suggesting strong mutual impedance effects from 


the very close element spacing. 


7. Summary of Analysis - Biby’s Proposed Design 


After extensive modeling of the proposed anti-skywave AM _ broadcast 


antenna, the results can be summarized as following: 


There is overall attenuation of both the sky wave and the ground wave 
Lossy ground is absorbing most of the energy. 


The cancelling Pass difference between the monopole and the ring current 
drives 1s not in the range of 170 degrees to 185 degrees. 


The proposed ASW antenna with an 80 degree long ring top hat and a drive 
currents phase difference of 180 degrees givés the best value (113.3 mV/M) of 
the ground wave (Table 5). which is still much below the 273.9 mV/M (Table 2) 
produced bv the standard AM broadcast antenna without any ASW structure. 


The proposed antenna with 4/4 top hat is highly sensitive to the, drive phase 
(Table 5 and Figures 2.12 - 2.15). This suggests a potential unstable 
performance in the proposed design. 


The 10 degree high fence at quarter wave from the origin does not hel 


appreciably in attenuating the ring ground wave without affecting the monopole 
ground wave. As the fence height 1s increased the fence starts reradiating. 
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Figure 2.19 Radiation Pattern - Perfect Ground. 
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Figure 2.20 Radiation Pattern - Good Ground (o = 0.4 S/N). 
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Figure 2.21 Radiation Pattern - Fair Ground (o = 0.004 S/M). 
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Figure 2.22 Radiation Pattern - Poor Ground (o = 0.00004 S/ MI). 


47 


Il. GENERIC RADIATOR STUDY 


The extensive analysis of Biby’s proposed anti-skywave AM broadcast antenna 
did not show the desired results of ground wave enhancement and sky wave 
suppression. The structure was found to be attenuating both the ground wave and the 
sky wave by more than 6 dB as compared with the standard AM broadcast antenna 
Without any ASW capability. As Biby’s antenna consists of tightly coupled (5 deg. 
spacing) short antennas operating over finite ground, it was appropriate to study 
generic radiators to understand the reasons for the behaviour of Biby’s design. The 
following structures were modeled: 
e 20 degree isolated dipole 
e 180 degree isolated dipole 
e 20 degree coupled dipoles 
e 180 degree coupled dipoles 
e 10 degree isolated monopole 
e 90 degree isolated monopole ° 
e 10 degree coupled monopoles 
e 90 degree coupled monopoles | | 
For the coupled monopoles a spacing.of 5 degrees was selected and a cancelling 
phasing of 175 degrees was used to place a null in the vertical radiation pattern on one 
side of the structure. The NEC wire models of these structures are shown in Figure 3.1 
to Figure 3.6. The structures were modeled in free space, over perfect ground, over 
finite ground and then gradually raised over finite ground to observe the effect of 
finitely conductive earth. The listings of typical data sets are in Appendix B.7 to 
Appendix B.22. The resulting radiation patterns are shown in Appendix A. In each 
case the value of the ground wave field strength was compared with the perfect ground 
case as a reference. The corresponding curves are shown in Figure 3.7 to Figure 3.11. 
This study of isolated and coupled radiators proved very useful in finding answers 
for the behaviour of Biby’s antenna. It was observed that the tightly coupled short 
radiators over finite ground are the most inefficient (Figure 3.11). Among all 
Structures modeled, 10 degree coupled short radiators showed the maximum 


attenuation over finite ground (-29.5 dB at 5 deg. spacing). Much of the power seems 
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to be absorbed by the ground. The coupled 10 degree monopoles improve slightly as 
they are raised over finite ground (Figure 3.10). When elevated beyond 5 degrees, the 
ground wave starts disappearing (Figure A.64-66). The 90 degree monopoles perform 
better than 10 degree monopoles over finite ground (Figure 3.9). Non-resonant 10 
degree monopoles have to be raised fairly high in order to achieve a resonable power 
gain, whereas the resonant 90 degree monopoles do not have to be as high to achieve 
the same improvement in gain. 

Coupled 20 degree dipoles perform better than coupled 10 degree monopoles 
(Figure 3.11). For the coupled 10 degree monopoles over finite ground, the magnitude 
of current in all the six radials is very small (in fraction of an Amp), and it has a 
maximum value of 12 Amps for the vertical monopoles. It increases as the structure 1s 
elevated. This shows that the large attenuation for coupled 10 degree monopoles over 
finite ground is not due to I°R loss, but it is the field which is coupling with the 
ground. 

In chapter I] the quarter wave standard AM broadcast antenna over finite 
ground was modeled with 120 buried radials and the ground wave field strength was 
273.9 mV/M (Table 2). Whereas 90 degree monopole with four radials raised 0.5 degree 
over finite ground gives a ground wave field strength of 244.14 mV/M (Figure A.37). It 
implies that the 90 degree monopole over finite ground does not require a large number 
of buried radials, rather four radials raised over finite ground are enough. 

Though this study answers manv of the desired questions, there are still areas to 
be investigated. To further improve knowledge of the behaviour of such structures, 
more research can be done. In this study to see the behaviour of coupled radiators, 90 
- 90, and 10-10 degree monopole pairs were used. The 90-90 degree structure performed 
well, whereas the 10-10 degree structure was verv inefficient. As Biby’s design not only 
involves a coupling between the short radiators themselves, but also with the 90 degree 
monopole at the origin, it is worthwhile to study the effect of tight coupling between a 
10 degree short radiator and the 90 degree monopole. 

The radials in the ground plane for the monopoles seem to play a significant role 
in efficiency. The geometry of the radials for isolated and coupled monopoles were 
selected for the desirable property of symmetry needed for efficient computation bv 
NEC. Other geometries could be used to see the effect on wave launching capabilities. 
To study the effect of earth, the structures were raised over the finite ground. A logical 


extension of this is to see what happens when the ground plane radial wires for the 


49 


monopoles are gradually immersed into the finite ground. The monopoles modeled in 
this study were 10 degree and 90 degree high. It might be useful to examine a 180 
degree monopole with four radials in the ground plane. This antenna has a very high 
input impedance and would have very low radial wire currents at the base of the 
antenna. If ground losses are largely due to coupling of radial currents into the lossy 


interface, anything which reduces radial currents should improve efficiency. 
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Figure 3.1 Isolated Dipole. 
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Figure 3.2 Coupled Dipoles. 
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Figure 3.3 Isolated 90 Deg. Monopole. 
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Figure 3.4 Isolated 10 Deg. Monopole. 
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Figure 3.5 Coupled 90 Deg. Monopoles. 
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COUPLED 10 MONOPOLES/5 SPACING/SIX 90 RADIALS 
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Figure 3.6 Coupled 10 Deg. Monopoles. 
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Figure 3.7 Ground Wave Field Strength For Isolated Dipole. 
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Figure 3.8 Ground Wave Field Strength For Coupled Dipoles. 
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Figure 3.9 Ground Wave Field Strength For Isolated Monopole. 
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Figure 3.10 Ground Wave Field Strength For Coupled Monopoles. 
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Figure 3.11 Ground Wave Field Strength For Coupled Dipoles and Coupled Monopoles. 
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IV. CANDIDATE ASW STRUCTURES 


From the analysis of Biby’s proposed design it has been observed that the 
phasing of the driven elements is the most important factor in the design of an anti- 
skvwave AM broadcast antenna. The generic study of the coupled radiators shows 
that a null can be placed easily in the radiation pattern if the coupled structure consists 
of only two radiators. The null can be steered in the elevation plane by taking into 
account the path length difference while phasing the radiator drives. The problem 
becomes complicated when the structure consists of more than two elements. 

A design method exists [Ref. 3], to improve the directivity in the vertical plane 
using short ring radiators. A short radiator is placed in the center and a set of short 
radiators are placed in concentric rings around the central radiator. The current 
amplitudes and the phasings are well defined for the individual elements [Ref. 3: p 
817.818]. The phase is varied progressively between the adjacent elements of a ring in 
such a manner that the total phase shift around each ring is an integer multiple of 360 
degrees, and the total phase shift between the rings is the same. | 

There are two types of such antennas, type J, and type J.. The type Jp consists 
of multiple concentric rings (Figure 4.1), with all elements in a single ring having the 
same phase. The J_ configuration consists of only a single ring (Figure 4.2), where the 
phase of the individual elements is varied such that the total phase shift is n cycles, 
where n is an integer. 

The problem in applying this concept to the AM broadcast antenna is that the 
antenna is not electrically short. However to achieve ground wave enhancement and 
sky wave cancellation, some relations can be investigated based on these concepts for 
the phasing of the elements when the central radiator is a quarter wave monopole as in 
the standard AM _ broadcast systems. It should also be considered that the 
aforementioned directive antennas are onlv theoretical and are assumed to be operating 
over perfect ground. As it has been observed in the generic study of tightly coupled 
short radiators, they are highly inefficient over finite ground, therefore any attempt to 
improve directivity in the vertical plane using such a structure may not produce the 


desired results. 
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Figure 4.1 Jy Antenna - Plan view. 
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Figure 4.2 J. Antenna. 
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V. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 

This study has carried out an in depth numerical analysis of the design proposed 
by Richard L. Biby for the anti-skywave AM broadcast antenna. The proposed design 
was modeled using the Numerical Electromagnetic Code (NEC). There was an overall 
attenuation of radiation and the NEC results were not close to the proposed ones. 
Later the effects of varving phase, top hat length, fence height and ground conductivity 
were studied. The quarter wave top hat with a phasing of 180 degrees seemed to be 
better than other configurations. Since Biby’s design involves tightly coupled short 
radiators operating over finite ground, to find answers for the behaviour of this design, 
a generic radiator study was done. The generic radiator study proved successful in 
finding some of the reasons for the poor performance of Biby’s proposed design. On 
the basis of this study, it is concluded that the design proposed by Richard L. Biby is 
not likely to achieve the desired characteristics of ground wave enhancement and sky 
wave cancellation. Any attempt to design an anti-skywave AM broadcast antenna 
employing tightly coupled short radiators over finite ground is likely to be unsuccessful. 
The analysis of Bibv’s proposed: design and the results of the generic radiator study 
also reveal that cancelling phase with 90 degree monopole and 10 degree short 


radiators is not easily achieveable by the simplified design approach which was used. 


B. RECOMMENDATIONS 

This thesis has presented a fairly extensive study of isolated and tightly coupled 
vertical radiators in different lossy environments. Though the results explain the 
behaviour of Biby’s proposed design, there are areas which need further study. Based 
on the observations made in this studv, recommendations are made. 

The phasing of elements is most critical in placing a null in the radiation pattern 
of an antenna consisting of multiple elements. The relation for a linear array is well 
defined. A problem arises when the elements are not placed linearly. Though the 
phasing formulas do exist for directive antennas consisting of short radiators placed in 
multiple concentric rings spaced reasonably apart [Ref. 3], they are not defined when 
the central radiator is a quarter wave monopole and the short radiators are tightly 
coupled. Therefore research needs to be done to find proper phasing criteria of such 


circular directive arrays. 
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Coupled short monopoles were seen to improve slightly in terms of power gain 
when they were elevated over finite ground. It is of interest to see the effects when the 
ground plane radials are gradually immersed into the finite ground. Since tightly 
coupled short radiators have been found to be highly inefficient over finite ground, it is 
recommended that a solution to the problem be sought without using these, if 


efficiency has precedence over directivity. 
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Figure A.l Radiation Pattern - 180 Deg. Dipole in Free Space. 
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Figure A.2 Radiation Pattern - 180 Deg. Dipole over Perfect Ground. 
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Figure A.3 Radiation Pattern - 180 Deg. Dipole over Finite Ground 
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Figure A.4 Radiation Pattern - 180 Deg. Dipole 0.5 Deg. over Finite Ground. 
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Figure A.5 Radiation Pattern - 180 Deg. Dipole 1 Deg. over Finite Ground. 
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Figure A.6 Radiation Pattern - 180 Deg. Dipole 2 Deg. over Finite Ground. 
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Figure A.7 Radiation Pattern - 180 Deg. Dipole 5 Deg. over Finite Ground. 
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Figure A.8 Radiation Pattern - 20 Deg. Dipole in Free Space. 
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Figure A.9 Radiation Pattern - 20 Deg. Dipole over Perfect Ground. 
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Figure A.10 Radiation Pattern - 20 Deg. Dipole over Finite Ground. 
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Figure A.l11 Radiation Pattern - 20 Deg. Dipole 0.5 Deg. over Finite Ground. 
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Figure A.12 Radiation Pattern - 20 Deg. Dipole | Deg. over Finite Ground. 
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Figure A.l13 Radiation Pattern - 20 Deg. Dipole 2 Deg. over Finite Ground. 
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Figure A.14 Radiation Pattern - 20 Deg. Dipole 5 Deg. over Finite Ground. 
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Figure A.15 Radiation Pattern - 20 Deg. Dipole 10 Deg. over Finite Ground. 
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Figure A.16 Radiation Pattern - 20 Deg. Dipole 15 Deg. over Finite Ground. 
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Figure A.17 Radiation Pattern - 180 Deg. Coupled Dipoles in Free Space. 
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Figure A.18 Radiation Pattern - 180 Deg. Coupied Dipoles over Perfect Ground. 
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Figure A.19 Radiation Pattern - 180 Deg. Coupled Dipoles over Finite Ground. 
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Figure 4.20 Radiation Pattern - 180 Deg. Coupled Dipoles 0.5 Deg. over Finite Ground. 
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Figure A.21 Radiation Pattern - 180 Deg. Coupled Dipoles | Deg. over Finite Ground. 
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Figure A.22 Radiation Pattern - 180 Deg. Coupled Dipoles 2 Deg. over Finite Ground. 
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Figure A.23 Radiation Pattern - 180 Deg. Coupled Dipoles 5 Deg. over Finite Ground. 
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Figure A.24 Radiation Pattern - 20 Deg. Coupled Dipoles in Free Space. 
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Figure A.25 Radiation Pattern - 20 Deg. Coupled Dipoles over Perfect Ground. 
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Figure A.26 Radiation Pattern - 20 Deg. Coupled Dipoles over Finite Ground. 
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Figure A.27 Radiation Pattern - 20 Deg. Coupled Dipoles 0.5 Deg. over Finite Ground. 
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Figure A.28 Radiation Pattern - 20 Deg. Coupled Dipoles | Deg. over Finite Ground. 
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Figure A.29 Radiation Pattern - 20 Deg. Coupled Dipoles 2 Deg. over Finite Ground. 
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Figure A.30 Radiation Pattern - 20 Deg. Coupled Dipoles 5 Deg. over Finite Ground. 
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Figure A.31 Radiation Pattern - 20 Deg. Coupled Dipoles 10 Deg. over Finite Ground. 
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Figure A.32 Radiation Pattern - 20 Deg. Coupled Dipoles 15 Deg. over Finite Ground. 
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Figure A.33 Radiation Pattern - 20 Deg. Coupled Dipoles 20 Deg. over Finite Ground. 
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Figure A.34 Radiation Pattern - 90 Deg. Monopole in Free Space. 
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Figure A.35 Radiation Pattern - 90 Deg. Monopole over Perfect Ground. 
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Figure A.36 Radiation Pattern - 90 Deg. Monopole over Finite Ground. 
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Figure A.37 Radiation Pattern - 90 Deg. Monopole 0.5 Deg. over Finite Ground. 
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Figure A.38 Radiation Pattern - 90 Deg. Monopole | Deg. over Finite Ground. 
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Figure A.39 Radiation Pattern - 90 Deg. Monopole 2 Deg. over Finite Ground. 
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Figure A.40 Radiation Pattern - 90 Deg. Monopole 5 Deg. over Finite Ground. 
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Figure A.41 Radiation Pattern - 10 Deg. Monopole in Free Space. 
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Figure A.42 Radiation Pattern - 10 Deg. Monopole over Perfect Ground. 
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Figure A.43 Radiation Pattern - 10 Deg. Monopole over Finite Ground. 
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Figure A.44 Radiation Pattern - 10 Deg. Monopole 0.5 Deg. over Finite Ground. 
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Figure A.45 Radiation Pattern - 10 Deg. Monopole | Deg. over Finite Ground. 
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Figure A.46 Radiation Pattern - 10 Deg. Monopole 2 Deg. over Finite Ground. 
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Figure A.47 Radiation Pattern - 10 Deg. Monopole 5 Deg. over Finite Ground 
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Figure A.48 Radiation Pattern - 10 Deg. Monopole 10 Deg. over Finite Ground. 
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Figure A.49_ Radiation Pattern - 10 Deg. Monopole 15 Deg. over Finite Ground. 
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Figure A.50 Radiation Pattern - 90 Deg. Coupled Monopoles in Free Space. 
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Figure A.SI Radiation Pattern - 90 Deg. Coupled Monopoles over Perfect Ground. 


116 


COUPLED 90 DEG. MONOPOLES/S5 DEG. SPACING/175 DEG. PHASING 
SIX 90 DEG. RADIALS/FINITE GROUND 
90 


MS ) 


120 


ee } Cs 
180 Bis 


0.0 GZ 


FIELO STRENGTH IN V/M/K'W AT IKU 
SPACE 


SURFACE 


TOTAL 





ANGLES IN ELEVATION PLANE 


Figure A.52 Radiation Pattern - 90 Deg. Coupled Monopoles over Finite Ground. 
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Figure A.53 Radiation Pattern - 90 Deg. Coupled Monopoles 0.5 Deg. over Finite Ground. 
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Figure A.54 Radiation Pattern - 90 Deg. Coupled Monopoles 1 Deg. over Finite Ground. 
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Figure A.55 Radiation Pattern - 90 Deg. Coupled Monopoles 2 Deg. over Finite Ground. 
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Figure A.56 Radiation Pattern - 90 Deg. Coupled Monopoles 5 Deg. over Finite Ground. 
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Figure A.57 Radiation Pattern - 10 Deg. Coupled Monopoles in Free Space. 
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Figure A.58 Radiation Pattern - 10 Deg. Coupled Monopoles over Perfect Ground. 
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Figure A.59 Radiation Pattern - 10 Deg. Coupled Monopoles over Finite Ground. 
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Figure A.60 Radiation Pattern - 10 Deg. Coupled Monopoles 0.5 Deg. over Finite Ground. 
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Figure A.61 Radiation Pattern - 10 Deg. Coupled Monopoles 1 Deg. over Finite Ground. 
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Figure A.62 Radiation Pattern - 10 Deg. Coupled Monopoles 2 Deg. over Finite Ground. 
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Figure A.63 Radiation Pattern - 10 Deg. Coupled Monopoles 5 Deg. over Finite Ground. 
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Figure 4.64 Radiation Pattern - 10 Deg. Coupled Monopoles 10 Deg. over Finite Ground. 
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Figure A.65 Radiation Pattern - 10 Deg. Coupled Monopoles 15 Deg. over Finite Ground. 


COUPLED 10 DEG. MONOPOLES/S DEG. SPACING/175 DEG. PHASING 





SIX 90 DEG. RADIALS/20 DEG. OVER FINITE GROUND 


FIELD STRENGTH IN V/M/KW AT IKM 


SURFACE 
TOTAL 


ANGLES IN ELEVATION PLANE 





APPENDIX B 
INPUT DATA SETS USED FOR THE COMPUTER MODELS 


1.The following data set was used to model Biby’s ASW antenna. 


CM FILE MP5 DATA 

CM DATA SET TO SIMULATE BIBY’S ASW ANTENNA (REF. BIBY’S FIGURE:7C) 
CM 135 DEG. HI MONOPOLE AT ORIGIN WITH: 

CM 1)SSOMMERFELD GROUND (e = 15 F/M, 6 = .004 S/M, f = 1.0 MHZ) 

CM 2)120 RADIAL ELEMENTS GROUND SCREEN 4i,/4 LONG 

CM 3)8 IN NO. 10 DEG. HI RING RADIATORS AT 5 DEG. FROM THE MONOPOLE | 
CM 4)PHASE DIFFERENCE FOR THE DRIVE CURRENTS = 180.0 DEGS. 

CM USE NECGS TO RUN THE DATA SET 

CM USE PLOTRPVS TO PLOT THE E FIELD. 

CE 

GW 1,1, 0,0,0, 0;0,4, 0.05 135 DEGREES HIGH MONOPOLE 

GW 2,1, 0,0,4, 0,0,8, 0.05 135 DEGREES HIGH MONOPOLE 

GW 3,1, 0,0,8, 0;0,16, 0.05 135 DEGREES HIGH MONOPOLE 

GW 4,7, 0,0,16, 0,0,112.43, 0.05 135 DEGREES HIGH MONOPOLE 

GR0,8 TO MAKE BURRIED GROUND SCREEN WITH 120 RADIAL WIRES 
GW 18,1, 0,4.164,-.457, 0,4.164,0, .05 UNDER GROUND RING WIRE 

GW 19,1, 0,4.164,0, 0,4.164,1.0, .05 ABOVE GROUND RING WIRE 

GW 20,1, 0,4.164,1.0, 0,4.164,3.5,.05 ABOVE GROUND RING WIRE 

GW 21,1, 0,4.164,3.5, 0,4.164,8.3278, .05 ABOVE GROUND RING WIRE 

GW 5,1, 0,0,0, 0,4.164,-.457, 0.05 GROUND SCREEN SLOPING WIRE 

GW 6,1, 0,4.164,-.457, 0,12.164,-.457, 0.05 HORIZONTAL GROUND SCREEN 
GW 7,4, 0,12.164,-.457, 0,74.95,-.457, 0.05 HORIZONTAL GROUND SCREEN 
GM 1,14, 0,0,3.0, 0,0,0, 005.007 TO MAKE A CELL WITH 15 RADIALS 

GE -1 

GN 2, 0, 0,0, 15, .004 SOMMERFELD GROUND 

FR 0,0,0,0, 1.00 FREQUENCY = 1000 KHZ (AT 1000 KHZ 1 DEG. = 0.83278 M) 
LD 4,2,1,1,1E8 (USED FOR DNECGSI RUN) 

LD 4,20,1,1,1E8 (USED FOR DNECGSI RUN) 

EX 0,2,1,0,8.72 MONOPOLE CURRENT DRIVE (USED FOR DNECGSI RUN) 


Poe 


EX 0,20,1,0,-7.32 RING CURRENT DRIVE (USED FOR DNECGSI RUN) 

PL3,1,1 (USED FOR DNECGSI RUN) 
RP1,1,1,1000,0.000E + 00,0.180E + 03,0.,0.,0.100E+04 (USED FOR DNECGSI RUN) 

EX 0,2,1,0,-69.133,678.12. MONOPOLE VOLTAGE DRIVE FOR IKW PEAK IP POWER 
EX 0,20,1,0,-38.046,12607 RING VOLTAGE DRIVE FOR IKW PEAK I/P POWER 

PLUS PL3,RP CARDS FROM FILE ‘NECGS RPCARDS’. (USED FOR DNECGS RUN) 
EN 


2.The following data set was used to model the typical AM broadcast antenna with 


120 buried radial wires. 


CM FILE MP2-2 DATA 

CM 90 DEG. HI MONOPOLE AT ORIGIN WITH: 

CM 1)SSOMMERFELD GROUND (ce = 15 F/M, 6 = .004 S/M, f = 1.0 MHZ) 
CM 2)120 RADIAL ELEMENTS GROUND SCREEN hj’4 LONG 

CM 3)NO FENCE | 

CM 4)NO RING RADIATORS 

CM USE NECGS TO RUN THE DATA SET 

CM USE PLOTRPVS TO PLOT THE E FIELD. 

CE 

GW 1,1, 0,0,0, 0,0,4, 0.05 90 DEGREES HIGH MONOPOLE 

GW 2,1, 0,0,4, 0,0,8, 0.05 90 DEGREES HIGH MONOPOLE 

GW 3,1, 0.0,8, 0,0,16, 0.05 90 DEGREES HIGH MONOPOLE 

GW 4,4, 0,0,16, 0,0,75, 0.05 90 DEGREES HIGH MONOPOLE 

GR0,8 TO MAKE BURRIED GROUND SCREEN WITH 120 RADIAL WIRES 
GW 5,1, 0,0,0, 0,4.167,-.457, 0.05 SLOPING WIRE FOR GROUND SCREEN 
GW 6,1, 0,4.167,-.457, 0,12.167,-.457, 0.05 HORIZONTAL GROUND SCREEN 
GW 7,4, 0,12.167,-.457, 0,75,-.457, 0.05 HORIZONTAL GROUND SCREEN 
GM 1,14, 0,0,3.0, 0,0,0, 005.007 

GE -1 

GN 2, 0, 0, 0, 15,.004 SOMMERFELD GROUND 

FR 0,0.0,0, 1.00 FREQUENCY = 1000 KHZ (AT 1000 KHZ 1 DEG. = 0.83278 M) 
LD 4.2,1,1,1E8 (USED FOR DNECGSI RUN) 

EX 0,2,1,0,5.0 MONOPOLE CURRENT DRIVE (USED FOR DNECGSI RUN) 


iss 


PL3,1,1 (USED FOR DNECGSIUIN) 

RP1,1,1,1000,0.000E + 00,0.180E + 03,0.,0.,0.100E+ 04 (USED FOR DNECGSI RUN) 

EX 0,2,1,0,197.27,112.99 MONOPOLE VOLTAGE DRIVE FOR IKW PEAK I/P POWER S$] 
PLUS PL3,RP CARDS FROM FILE NECGS RPCARDS (USED TOR DNEeGant 

EN 


3.The following data set was used to model the typical AM broadcast antenna with 


16 buried radial wires. 


CM FILE MP2 DATA 

CM 90 DEG. HI MONOPOLE AT ORIGIN WITH: 

CM 1)SSOMMERFELD GROUND (€ = 15 F/M, 6 = .004 S/M, f = 1.0 MHZ) 
CM 2)16 RADIAL ELEMENTS GROUND SCREEN i,/4 LONG 

CM 3)NO FENCE 

CM 4)NO RING RADIATORS 

CM USE NECGS TO RUN THE DATA SET 

CM USE PLOTRPVS TO PLOT THE E FIELD. 

CE | 

GW 1,1, 0,0,0, 0,0,4, 0.05 90 DEGREES HIGH MONOPOLE 

GW 2,1, 0,0,4, 0,0,8, 0.05 90 DEGREES HIGH MONOPOLE 

GW 3,1, 0,0,8, 0,0,16, 0.05 90 DEGREES HIGH MONOPOLE:’ 

GW 4,4, 0,0,16, 0,0,75, 0.05 90 DEGREES HIGH MONOPOLE 

GR0,8 TO MAKE BURRIED GROUND SCREEN WITH 16 RADIAL WIRES 
GW 5,1, 0,0,0, 0,4.167,-.457, 0.05 SLOPING WIRE FOR GROUND SCREEN 
GW 6,1, 0,4.167,-.457, 0,12.167,-.457, 0.05 HORIZONTAL GROUND SCREEN 
GW 7,4, 0,12.167,-.457, 0,75,-.457, 0.05 HORIZONTAL GROUND SCREEN 
GM 1,1, 0,0,22.5, 0,0,0, 005.007 

GE -1 

GN 2, 0, 0, 0, 15, .004 SOMMERFELD GROUND 

FR 0,0,0,0, 1.00 FREQUENCY = 1000 KHZ (AT 1000 KHZ 1 DEG. = 0.83278 M) 
LD 4,2,1,1,LE8 (USED FOR DNECGSI RUN) 

EX 0,2,1,0,5.0 MONOPOLE CURRENT DRIVE (USED FOR DNECGSI RUN) 
PL3,1,1 (USED FOR DNECGSI RUN) 
RP1,1,1,1000,0.000E + 00,0. 180E + 03,0.,0.,0.100E +04 (USED FOR DNECGSI RUN) 
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EX 0,2,1,0,211.05,123.98 MONOPOLE VOLTAGE DRIVE FOR 1KW PEAK I/P POWER 
Pease ba GARDS FROM FILE NECGS RPCARDS.. (USED FOR DNECGS RUN) 
EN 


4.The following data set was used with a drive currents phase difference of 184.5 


degrees While studying the effect of varying phase for the Biby’s ASW antenna. 


CM FILE MP3-27 DATA 

CM 90 DEG. HI MONOPOLE AT ORIGIN WITH: 

CM 1)SSOMMERFELD GROUND (e = 15 F/M, 6 = .004 S/M, f = 1.0 MHZ) 

CM 2)16 RADIAL ELEMENTS GROUND SCREEN i, /4 LONG 

CM 3)NO FENCE | 
CM 4)8 IN NO. 10 DEG. HIGH RING RADIATORS AT 5 DEG. FROM THE MONOPOLE 
CM 5)PHASE DIFFERENCE FOR THE DRIVE CURRENTS = 184.5 DEGREES. 
CM USE NECGS TO RUN THE DATA SET 

CM USE PLOTRPVS TO PLOT THE E FIELD. 

CE 

GW 1,1, 0,0,0, 0,0,4, 0.05 90 DEGREES HIGH MONOPOLE 

GW 2,1, 0,0,4, 0,0,8, 0.05 90 DEGREES HIGH MONOPOLE 

GW 3,1, 0,0,8, 0,0,16, 0.05 90 DEGREES HIGH MONOPOLE 

GW 4,4, 0,0,16, 0,0,75, 0.05 90 DEGREES HIGH MONOPOLE 

GR0,8 TO MAKE BURRIED GROUND SCREEN WITH 16 RADIAL WIRES 
GW 8,1, 0,4.167,-.457, 0,4.167,0,.05 UNDER GROUND PART OF THE RING 
GW 9,1, 0,4.167,0, 0,4.167,1.0, .05 ABOVE GROUND PART OF THE RING 

GW 10,1, 0,4.167,1.0, 0,4.167,3.5, .05 ABOVE GROUND PART OF THE RING 
GW 11,1, 0,4.167,3.5, 0,4.167,8.333, 05 ABOVE GROUND PART OF THE RING 
GW 5,1, 0,0,0, 0,4.167,-.457, 0.05 SLOPING WIRE FOR GROUND SCREEN 

GW 6,1, 0,4.167,-.457, 0,12.167,-.457, 0.05 HORIZONTAL GROUND SCREEN 
GW 7,4, 0,12.167,-.457, 0,75,-.457, 0.05 HORIZONTAL GROUND SCREEN 

GM 1,1, 0,0,22.5, 0,0,0, 005.007 

Gre 

GN 2, 0, 0,0, 15, .004 SOMMERFELD GROUND 

FR 0,0,0,0, 1.00 FREQUENCY = 1000 KHZ (AT 1000 KHZ 1 DEG. = 0.83278 M) 
LD 4,2,1,1,1E8 (USED FOR DNECGSI RUN) 
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LD 4,10,1,1,1E8 (USED BORGO NECGSI RUN} 

EX 0,2,1,0,5.0 MONOPOLE CURRENT DRIVE (USED FOR DNECGSI RUN) 

EX 0,10,1,0,-2.8038,-0.22067 RING CURRENT DRIVE (USED FOR DNECGSI RUN) 
PL3,1,1 (USED FOR DNECGSI RUN) 
RP1,1,1,1000,0.000E + 00,0.180E + 03,0.,0.,0.100E +04 (USED FOR DNECGSI RUN) 

EX 0,2,1,0,4.9262,330.192 MONOPOLE VOLTAGE DRIVE FOR 1KW PEAK I/P POWER 
EX 0,10,1,0,-953.44,11752 RING VOLTAGE DRIVE FOR IKW PEAK INPUT POWER 
PLUS PL3,RP CARDS FROM FILE “NECGS RPCARDS’. (USED FOR DNECGS RUN) 
EN 


5.The following data set was used with the 90 degree long top hat while studying 
the effect of varying the length of the top hat on ring radiators for the Biby’s ASW 


antenna. 


CM FILE MP3-39 DATA 

CM 90 DEGREES HIGH MONOPOLE AT ORIGIN WITH: 

CM 1)SSOMMERFELD GROUND (ce = 15 F/M, 6 = .004 S/M, f = 1.0 MHZ) 

CM 2)16 RADIAL ELEMENTS GROUND SCREEN 4,4 LONG 

CM 3)NO FENCE 

CM 4)8 IN NO. 10 DEG. HI RING RADIATORS AT 5 DEG. FROM THE MONOPOLE 
CM WITH THE TOP HAT 4/4 LONG. 

CM 5)PHASE DIFFERENCE FOR THE DRIVE CURRENTS = 184.5 DEGREES. 
CM USE NECGS TO RUN THE DATA SET 

CM USE PLOTRPVS TO PLOT THE E FIELD. 

CE 

GW 1,1, 0,0,0, 0,0,4, 0.05 90 DEGREES HIGH MONOPOLE 

GW 2,1, 0,0,4, 0,0,8, 0.05 90 DEGREES HIGH MONOPOLE 

GW 3,1, 0,0,8, 0,0,16, 0.05 90 DEGREES HIGH MONOPOLE 

GW 4,4, 0,0,16, 0,0,75, 0.05 90 DEGREES HIGH MONOPOLE 

GR0,8 TO MAKE BURRIED GROUND SCREEN WITH 16 RADIAL WIRES 
GW 8,1, 0,4.167,-.457, 0,4.167,0, .05 UNDER GROUND PART OF THE RING 
GW 9,1, 0,4.167,0, 0,4.167,1.0, .05 ABOVE GROUND PART OF THE RING 

GW 10,1, 0,4.167,1.0, 0,4.167,3.5, .05 ABOVE GROUND PART OF THE RING 
GW 11,1, 0,4.167,3.5, 0,4.167,8.333, 05 ABOVE GROUND PART OF THE RING 
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GW 12,1, 0,4.167,8.333, 0,6.167,8.333, 05 TOP HAT FOR THE RING 

Same, 1, 0}62167,8.333,0,9.167,8.333,.05 TOP HAT FOR THE RING 

GW 14,1, 0,9.167,8.333, 0,13.167,8.333, 05 TOP HAT FOR THE RING 

GW 15;9, 0,13.167,8.333, 0;799167,8.333, 05 BOP HAT FOR THE RING 

GW 5,1, 0,0,0, 0,4.167,-.457, 0.05 SLOPING WIRE FOR THE GROUND SCREEN 

GW 6,1, 0,4.167,-.457, 0,12.167,-.457, 0.05 HORIZONTAL GROUND SCREEN 

GW 7,4, 0,12.167,-.457, 0,75,-.457, 0.05 HORIZONTAL GROUND SCREEN 

Grell 0}0,22-5, 0,0,0, 005.007 

GE -l 

GN 2,0, 0,0, 15, .00d SOMMERFELD GROUND 

FR 0,0,0,0, 1.00 FREQUENCY = 1000 KHZ (AT 1000 KHZ 1 DEG. = 0.83278 M) 
POEs (LSED FOR DNECGSIPRLN) 

LD 4,10,1,1,LE8 (USED FOR DNECGSI RUN) 

Ex U,2,1,0,5.0 WIGNOROLESGURRENT DRIVE (FOR DNECGSI RUN) 

EX 0,10,1,0.-2.4923,-0.19615 RING CURRENT DRIVE (FOR DNECGSI RUN) 

PL3,1,1 (USED FOR DNECGSI RUN) 
RP1,1,1,1000,0.000E + 00,0.180E + 03,0.,0.,0.100E +04 (USED FOR DNECGSI RUN) 

EX 0,2,1,0,4.8466,-499.87 MONOPOLE VOLTAGE DRIVE FOR IKW PEAK I/P POWER 
EX 0,10,1,0,-16.447,-392.29 RING VOLTAGE DRIVE FOR 1KW PEAK INPUT POWER 
PLUS PL3,RP CARDS FROM FILE “NECGS RPCARDS’. (USED FOR DNECGS RUN) 
EN 


6.The following data set was used with the 10 degree fence while studying the effect 


of varying the fence height for the Biby’s ASW antenna. 


CM FILE MP3-37 DATA 

CM 90 DEGREES HIGH MONOPOLE AT ORIGIN WITH: 

CM 1I)NSOMMERFELD GROUND (€ = 15 F/M, 6 = .004 S/M, f = 1.0 MHZ) 

CM 2)16 RADIAL ELEMENTS GROUND SCREEN 4, /4 LONG 

CM 3)10 DEG. HIGH FENCE AT A,/4 DISTANCE AWAY FROM THE MONOPOLE. 
CM 4)8 IN NO. 10 DEG. HI RING RADIATORS AT 5 DEG. FROM THE MONOPOLE 
CM WITH THE 80 DEG. LONG TOP HAT. 

Gre oe DIPRPERENCE FOR THEDRIVEGURRENTS = 180.0 DEGREES. 
CYPUSENEGGS. TOoRUN*THE DATA SET 


bow 


CM USE PLOTRPNS TO Plo Pine Step: 

CE 

GW 1,1, 0,0,0, 0,0,4, 0.05 90 DEGREES HIGH MONOPOLE 

GW 2,1, 0,0,4, 0,0,8, 0.05 90 DEGREES HIGH MONOPOLE 

GW 3,1, 0,0,8, 0,0,16, 0.05 90 DEGREES HIGH MONOPOLE 

GW 4,4, 0,0,16, 0,0,75,0.05 90 DEGREES HIGH MONOPOLE 

GW 8,1, 0,4.167,-.457, 0,4.167,0,.05 UNDER GROUND PART OF THE RING 
GR0,8 TO MAKE BURRIED GROUND SCREEN WITH 16 RADIAL WIRES 
GW 18,1, 0,4.167,-.457, 0,4.167,0,.05 UNDER GROUND PART OF THE RING 
GW 19,1, 0,4.167,0, 0,4.167,1.0,.05 ABOVE GROUND PART OF THE RING 
GW 20,1, 0,4.167,1.0, 0,4.167,3.5, .05 ABOVE GROUND PART OF THE RING 
GW 21,1, 0,4.167,3.5, 0,4.167,8.333, 05 ABOVE GROUND PART OF THE RING 
GW 22,1, 0,4.167,8.333, 0,6.167,8.333, 05 TOP HAT FOR THE RING 

GW 23,1, 0,6.167,8°533; 0,9: 167,S:555, 0) — OR teri net bate eee 

GW 24,15, 0,9.167,8.333, 0,66.66,8.333, 05 TOP HAT FOR THE RING 

GW’ 5,1, 9,0,0, 0,4, 167,-.457,0.05 SLOPING WIRE POR THE GhOUAD sehr rs 
GW 6,1, 0,4.167,-.457, 0,12.167,-.457, 0.05 HORIZONTAL GROUND SCREEN 
GW 7,4, 0,12.167,-.457, 0,75,-.457, 0.05 HORIZONTAL GROUND SCREEN 

GW 8,1, 0,75,-.457, 0,75,0,.05 UNDER GROUND WIRE FOR THE FENCE 
GW 9,1, 0,75,0, 0,75,1, .05 “OVER GROUND WIRE FOR THE FENCE 

GW 10,1, 0,75,1,.0,75,3:5, 05 OVER GROUNDS, IRE POR ThE NG 

GW 11,1, Oursioe 0,75,8.333, 05 OVER GROUND WIRE POR THE VES Ge 
GW 12,1, 0,75,1, -2.5,75,1, 05 OVER GROUND WIRE FOR THE FENCE 

GW 13,1, -2.5,/5,1, -2.5,75,3.5, 05. OVER GROUND WIRE FOR Til EEN ere 
GW 14,1, -2.5,/9,3.9, -2.9,/5,8.333, 05 OVER GROUND WIRE FOR [TEE hE Ne 
GW 15,1, 0,75,1, 2-5,75,1, 05 OVER "GROW IDa yy Pee eae eee ere 

GW 16,1, 2:5,75,1, 2.5,75,3.5, .05 OVER GROUNDS ik ner THE taser 
GW 17,1, 2.5,75,3.5, 2.5, /5,8:333) 0S OVE RGROU MDS wine FOR GHEE BENGE 
GM Tego 225 00.07 005,017 

GE -1 

GN 2, 0, 0, 0, 15, .004 SOMMERFELD GROUND 

FR 0,0,0,0, 1.00 FREQUENCY = 1000 KHZ (AT 1000 KHZ 1 DEG. = 0.83278 M) 
LD 4.2,1,1,1E8 (USED FOR DNECGSI RUN) 

LD 4,10,1,1,1E8 (USED FOR DNECGSI RUN) 

EX 0,2,1,0,5.0 MONOPOLE CURRENT DRIVE (FOR DNECGSI RUN) 
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EX 0,20,1,0,-2.0313,0 RING CURRENT DRIVE (FOR DNECGSI RUN) 

PL3,1,1 (USED FOR DNECGSI RUN) 
RP1,1,1,1000,0.000E + 00,0.180E + 03,0.,0.,0.100E +04 (USED FOR DNECGSI RUN) 

EX 0,2,1,0,35.735,-441.25  MONOPOLE VOLTAGE DRIVE FOR 1KW PEAK I/P POWER 
EX 0,20,1,0,-31.245,-81.429 RING VOLTAGE DRIVE FOR 1KW PEAK INPUT POWER 
PLUS PL3,RP CARDS FROM FILE ‘NECGS RPCARDS’. (USED FOR DNECGS RUN) 
EN 


7.The following data set was used with the isolated 180 deg. dipole in free space 


while doing the generic radiator study. 


CM FILE GFS1 DATA 

CM ISOLATED 180 DEGREE DIPOLE IN FREE SPACE 

EM USE NECGS TO RUN THE DATA SET 

CM USE PLOTVNAB TO PLOT THE E FIELD 

CE | 

GW 1,59, 0,0,0, 0,0,149.9, 0.05 180 DEG. DIPOLE 

GE | 

FR 0,0,0,0, 1.00 FREQUENCY = 1000 KHZ (AT 1000 KHZ 1 DEG. = 0.83278 M) 
LD 4,1,30,30,1E8 (USED FOR DNECGSI RUN) 

EX 0,1,30,0,5 CURRENT DRIVE (FOR DNECGSI RUN) 

PL 3,1,1 (USED FOR DNECGSI RUN) 

RP 0,1,1,1000, 90,0,0,0, 1000 (USED FOR DNECGSI RUN) 

EX 0,1,30.0,284.72,164.99 VOLTAGE DRIVE FOR 1 KW PEAK INPUT POWER 
PL 3,1,1 (USED FOR DNECGS RUN) 

RP 0,181,1,1000, 90,0,-1,0, 1000 (USED FOR DNECGS RUN) 

EN 


8.The following data set was used with the isolated 180 deg. dipole over perfect 


ground while doing the generic radiator study. 


CM FILE GPG1 DATA 
CISOUATED 180 DEGREE DIPOLE OVER PERFECT GROUND 


hse 


CM USE NECGS TO RUN THE DATA SET 

CM USE PLOTVNAB TO PLOT THE E FIELD 

CE 

GW 1,59, 0,0,0, 0,0,149.9, 0.05 180 DEG. DIPOLE 

GE 1 

GN 1 

FR 0,0,0,0, 1.00 FREQUENCY = 1000 KHZ (AT 1000 KHZ 1 DEG. = 0.83278 M) 
LD 4,1,30,30,1E8 (USED FOR DNECGSI RUN) 

EX 0,1,30,0,5 CURRENT DRIVE (FOR DNECGSI RUN) 

PL 3,1,1 (USED FOR DNECGSI RUN) 

RP 0,1,1,1000, 90,0,0,0, 1000 (USED FOR DNECGSI RUN) 

EX 0,1,30,0,1674.8,-1530.0 VOLTAGE DRIVE FOR 1 KW PEAK INPUT POWER 
PL 3,1,1 (USED FOR DNECGS RUN) | 

RP 0,181,1,1000, 90,0,-1,0, 1000 (USED FOR DNECGS RUN) 

EN 


9.The following data set was used with the isolated 180 deg. dipole over finite 


ground while doing the generic radiator study. 


CM FILE GFGI DATA , 

CM ISOLATED 180 DEGREE DIPOLE OVER FINITE GROUND 

CM USE NECGS TO RUN THE DATA SET 

OM USE PLOTRPVS 10 PLOMIHE © Liem 

CE 

GW 1,59, 0,0,0, 0,0,149.9, 0.05 180 DEG. DIPOLE 

GE -l 

GN 2, 0,0, 0, 15, .004 SOMMERFELD GROUND 

FR 0,0,0,0, 1.00 FREQUENCY = 1000 KHZ (AT 1000 KHZ 1 DEG. = 0.83278 M) 
LD 4,1,30,30,1E8 (USED FOR DNECGSIT RUN) 

EX.0,1,30,0;5 CURRENT DRIVE (FOR DNECGGSI RUN) 

PL 3,1,1 -(USED POR DNECG SIR Ce 
RP1,1,1,1000,0.000E + 00,0.180E + 03,0.,0.,0.100E+04 (USED FOR DNECGSI RUN) 
EX 0,1,30,0,347.86,205.44 VOLTAGE DRIVE FOR 1 KW PEAK INPUT POWER 
PLUS PL3,RP CARDS FROM FILE NEGGS RPCARDS (POM DNEeoo Nos) 
EN 
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10.The following data set was used with the isolated 180 deg. dipole 0.5 deg. over 


finite ground while doing the generic radiator study. 


CM FILE GFGI-1 DATA 

Um ISOLATED 180 DEGREE DIPOLE 0.5 DEG. OVER FINITE GROUND 

Gripe SE'NECGS TO RUN THE DATA SET 

wipes PLOPRPVS [TO PLOT THE E FIELD 

CE 

ay 1,59, O0;-41639, 0,0,150.31679, 0.05 180 DEG. DIPOLE 

GE -l 

GN 2,0, 0,0, 15, .004 SOMMERFELD GROUND 

FR 0,0,0,0, 1.00 FREQUENCY = 1000 KHZ (AT 1000 KHZ 1 DEG. = 0.83278 M) 
wet 50,50,1E8 (USED FOR DNECGSI RUN) 

Eee 50,0,1 CURRENT DRIVE (FOR DNECGSI RUN) 

PE 3,41 (LSEDAFOR DNECGSI RUN) 

RP1,1,1,1000,0.000E + 00,0. 180E + 03,0.,0.,0. 100E + 04 (USED FOR DNECGSI RUN) 
fe 0, 1530,0,343.57,188.32 VOLTAGE DRIVE FOR | KW PEAK INPUT POWER 
eo riokr CARWUS FROM FILE NECGS RPCARDS (FOR DNECGS RUN) 
EN 


11.The following data set was used with the coupled 20 deg. dipoles in free space 


while doing the generic radiator study. 


CM FILE GFS7 DATA 

et COUPLED 20 DEG. DIPOLES IN. FREE SPACE 

1 > DEG, SPAGING/175 DEG. PHASING 

GMesSeE NWECGS [TO RUN THE DATA SET 

Gyr USE PLOTVNAB TO PLOT THE E FIELD 

GE 

Giro, | 

ele? 2 -06194:00. 2.08194.0,16.656, 0.05 20 DEG. DIPOLE 
iG a2, -2,08 194,00; -2-08194,0,16.656, 0.05 20 DEG. DIPOLE 
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GE 

FR 0,0,0,0, 1.00 FREQUENCY = 1000 KHZ (AT 1000 KHZ 1 DEG. = 0.83278 M) 
LD 4,1,4,4,1E8 (USED FOR DNECGSI RUN) 

LD 4,2,4,4,1E8 (USED FOR DNECGSI RUN) 

EX 0,1,4,0,1 CURRENT DRIVE (FOR DNECGSI RUN) 

EX 0,2,4,0,-0.99620,.08716 CURRENT DRIVE (FOR DNECGSI RUN) 

PL 3,1,1 (USED FOR DNECGSI RUN) 

RP 0,1,1,1000, 90,0,0,0, 1000 (USED FOR DNECGSI RUN) 

EX 0,1,4,0,7611.3,-1001298.6 VOLTAGE DRIVE FOR 1 KW PEAK INPUT POWER 
EX 0,2,4,0,94801.81,996879.1 VOLTAGE DRIVE FOR 1 KW PEAK INPUT POWER 
PL 3,1,1 (USED FOR DNECGS RUN) 

RP 0,181,1,1000, 90,0,-1,0, 1000 (USED FOR DNECGS RUN) 

EN 


12. The following data set was used with the coupled 20 deg. dipoles over perfect 


ground while doing the generic radiator study. 


CM FILE GPG7 DATA 

CM COUPLED 20 DEG. DIPOLES OVER PERFECT GROUND 

CM 5 DEG. SPACING/175 DEG. PHASING 

CM USE NECGS TO RUN THE DATA SET 

CM USE PLOTVNAB TO PLOT THE E FIELD 

CE 

GR 0,1 

GW 1,7, 2.08194,0,0, 2.08194,0,16.656, 0.05 20 DEG. DIPOLE 

GW 2,7, -2.08194,0,0, -2.08194,0,16.656, 0.05 20 DEG. DIPOLE 

GE -1 

GN 1 

FR 0,0,0,0, 1.00 FREQUENCY = 1000 KHZ (AT 1000 KHZ 1 DEG. = 0.83278 M) 
LD 4,1,4,4,1E8 (USED FOR DNECGSI RUN) 

LD 4,2.4,4,1E8 (USED FOR DNECGSI RUN) 

EX 0,1,4,0,1 CURRENT DRIVE (FOR DNECGSI RUN) 

EX 0,2,4,0,-0.99620,.08716 CURRENT DRIVE (FOR DNECGSI RUN) 
PL 3,1,1 (USED FOR DNECGSI RUN) 
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RP 0,1,1,1000, 90,0,0,0, 1000 (USED FOR DNECGSI RUN) 

EX 0,1,4,0,4066.2,-698038 VOLTAGE DRIVE FOR 1 KW PEAK INPUT POWER 
EX 0,2,4,0,64855,695082 VOLTAGE DRIVE FOR 1 KW PEAK INPUT POWER 
PL 3,1,L (USED FOR DNECGS RUN) 

RP 0,181,1,1000, 90,0.-1,0, 1000 (USED FOR DNECGS RUN) 

EN 


13.The following data set was used with the coupled 20 deg. dipoles over finite 


ground while doing the generic radiator study. 


CM FILE GFG7 DATA . 

GM COUPLED 20 DEG. DIPOLES OVER FINITE GROUND 

Gels DEG. SPACING’175 DEG. PHASING 

Grr Use NECGS TO RUW THE DATA SET 

fee SE PLOTRPVS TO PLOT THE E FIELD 

GE 

GR 0,1 

GW 1,7, 2.08194,0,0, 2.08194,0,16.656, 0.05 20 DEG. DIPOLE 

GW 2,7, -2.08194,0,0, -2.08194,0,16.656, 0.05 20 DEG. DIPOLE 

GE -l 

GN 2, 0, 0, 0, 15, .004 SOMMERFELD GROUND 

FR 0,0,0,0, 1.00 FREQUENCY = 1000 KHZ (AT 1000 KHZ 1 DEG. = 0.83278 M) 
LD 4,1,4,4,1E8 (USED FOR DNECGSI RUN) 

LD 4,2,4,4,1E8 (USED FOR DNECGSI RUN) 

Ee 0,1.4,0,1 CURRENT DRIVE (FOR DNECGSI RUN) 

EX 0,2.4,0,-0.99620,.08716 CURRENT DRIVE (FOR DNECGSI RUN) 

Peon.) (@6ED FOR DNECGS! RUN) 

RP 0,1,1,1000, 90,0,0,0, 1000 (USED FOR DNECGSIT RUN) 

EX 0,1,4,0,249.55,-36585 VOLTAGE DRIVE FOR | KW PEAK INPUT POWER 
EX 0,2,4,0,3361.6,36440 VOLTAGE DRIVE FOR 1 KW PEAK INPUT POWER 
ese ls RP CARDS FROM FILE NECGS RPGARDS (USED FOR DNECGS RUN) 
EN 
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14.The following data set was used with the coupled 20 deg. dipoles 0.5 deg. over 


finite ground while doing the generic radiator study. 


CM FILE GFG7-1 DATA 

CM COUPLED 20 DEG. DIPOLES 0:5 DEGY OVERSEE NTE Geer 

CM 5 DEG. SPACING/175 DEG. PHASING 

CM USE NEGGS TO RUN THE DA SE 

CM USE PLOTRPVS TO PLOT THE E FIELD 

cP 

GR 0,1 

GW 1,7, 2.08194,0,.41639, 2.08194,0,17.07199, 0.05 20 DEG. DIPOLE 

GW 2,7, -2.08194,0,.41639, -2.08194,0,17.07199, 0.05 20 DEG. DIPOLE 

GE -l 

GN 2, 0, 0, 0, 15, .004 SOMMERFELD GROUND 

FR 0,0,0,0, 1.00 FREQUENCY = 1000 KHZ (AT 1000 KHZ 1 DEG. = 0.83278 M) 
LD 4,1,4,4,1E8 (USED FOR DNECGSI RUN) . 

LD 4,2,4,4,1E8 (USED FOR DNECGSI RUN) 

EX 0,1,4,0,.1 CURRENT DRIVE (FOR DNECGST RUN) 

EX 0,2,4,0,-0.99620,.08716 CURRENT DRIVE (FOR DNECGSI RUN) 

PL 3,1,1 (USED FOR DNECGST KUN) 

RP 0,1,1,1000, 90,0,0,0, 1000 (USED FOR DNECGSIT RUN) 

EX 0,1,4,0,349.48,-54165 VOLTAGE DRIVE FOR I KW PEAK INPUT POWER 
Bx 0,2,4,0,5016.0,53947 VOLTAGE DRIVE FOR I KW PEAK INPUT POWER 
PLUS PL3,RP CARDS FROM FILE “NECGS RPCARDS’ (USED FOR DNECGS RUN) 
EN 


15.The following data set was used with the isolated 90 deg. monopole in free space 


while doing the generic radiator study. 


GN PYCE"GESs OA ey 

CMISOTATEDSO DEG] VIONOGr Orr lven tee esate 
CM FOUR 90 DEG. RADIALS 

CM STRUCTURE 2 RADIT ABOVE X-Y PLANE 
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CM USE NECGS TO RUN THE DATA SET 

SMmaAwSE PLOTVNAB TO PLOT THE E FIELD 

GE 

Gy 1,59, 0,0,.1, 0,0,75.05, 0.05 90 DEG. MONOPOLE 

GR04 TO MAKE 4 RADIALS 

GW 2,30, 0,0,.1, 74.95,0,.1, 0.05 90 DEG. LONG RADIAL 

GE 0 

FR 0,0,0,0, 1.00 FREQUENCY = 1000 KHZ (AT 1000 KHZ 1 DEG. = 0.83278 M) 
ieee i2.2,t16S (CSED FOR DNECGS! RUN) 

EX 0,1,2,0,.1 CURRENT DRIVE (FOR DNECGSI RUN) 

Ee lee oED FOR DNECGST RUN) 

RP 0,1,1,1000, 90,0,0,0, 1000 (USED FOR DNECGSI RUN) 

EX 0,1,2,0,150.32,28.613 VOLTAGE DRIVE FOR 1 KW PEAK INPUT POWER 
PL 3,1,1 (USED FOR DNECGS RUN) 

RP 0,181,1,1000, 90,0,-1,0, 1000 (USED FOR DNECGS RUN) 

EIN 


16. The following data set was used with the isolated 90 deg. monopole over perfect 


ground while doing the generic radiator study. 


CM FILE GPG8 DATA 

CM ISOLATED 90 DEG. MONOPOLE OVER PERFECT GROUND 
CM FOUR 90 DEG. RADIALS _ 

CM STRUCTURE 2 RADII ABOVE X-Y PLANE 

CM USE NECGS TO RUN THE DATA SET 

CM USE PLOTVNAB TO PLOT THE E FIELD 

CE 

GW 1,30, 0,0,.1, 0.0,75.05, 0.05 90 DEG. MONOPOLE 

GR0,4 TO MAKE 4 RADIALS 

GW 2,30, 0,0,.1, 74.95,0,.1, 0.05 90 DEG. LONG RADIAL 

GE -1 

GN 1 

FR 0,0,0,0, 1.00 FREQUENCY = 1000 KHZ (AT 1000 KHZ 1 DEG. = 0.83278 M) 
LD 4,1,2,2,1E8 (USED FOR DNECGSI RUN) 
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EX 0,1,2,0,1 CURRENT DRIVE (FOR DNECGSI RUN) 

PL 3,1,1 (USED FOR DNECGSI RUN) 

RP 0,1,1,1000, 90,0,0,0, 1000 (USED FOR DNECGSI RUN) 

EX 0,1,2,0,200.46,111.14 VOLTAGE DRIVE FOR 1 KW PEAK INPUT POWER 
PL 3,1,1 (USED FOR DNECGS RUN) 

RP 0,181,1,1000, 90,0,-1,0, 1000 (USED FOR DNECGS RUN) 

EN 


17.The following data set was used with the isolated 90 deg. monopole over finite 


ground while doing the generic radiator study. 


CM FILE GFG8 DATA 

CM ISOLATED 90 DEG. MONOPOLE OVER FINITE GROUND 

CM FOUR 90 DEG. RADIALS 

CM STRUCTURE 2 RADII ABOVE X-Y PLANE 

-CM USE NECGS TO RUN THE DATA SET 

CM USE PLOTRPVS TO PLOT THE E FIELD 

CE | 

GW 1,30, 0,0,.1, 0,0,75.05, 0.05 90 DEG. MONOPOLE 

GR0,4 TO MAKE 4 RADIALS 

GW 2,30, 0,0,.1, 74.95,0,.1, 0.05 90 DEG. LONG RADIAL 

GE -l 

GN 2, 0, 0, 0, 15, .004 SOMMERFELD GROUND 

FR 0,0,0,0, 1.00 FREQUENCY = 1000 KHZ (AT 1000 KHZ 1 DEG. = 0.83278 M) 
LD 4,1,2,2,1E8 (USED FOR DNECGSI RUN) 

EX 0,1,2,0,1 CURRENT DRIVE (FOR DNECGSI RUN) 

PL 3,1,1 (USED FOR DNECGSI RUN) 

RP 0,1,1,1000, 90,0,0,0, 1000 (USED FOR DNECGSI RUN) 

EX 0,1,2,0,449.29,198.35 VOLTAGE DRIVE FOR 1 KW PEAK INPUT POWER 
PLUS PL3,RP CARDS FROM FILE ‘NECGS RPCARDS’ (USED FOR DNECGS RUN) 
EN 
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18.The following data set was used with the isolated 90 deg. monopole 0.5 deg. over 


finite ground while doing the generic radiator study. 


CM FILE GFG8-1 DATA 

CM ISOLATED 90 DEG. MONOPOLE 0.5 DEG. OVER FINITE GROUND 

CM FOUR 90 DEG. RADIALS 

CM STRUCTURE 2 RADII ABOVE X-Y PLANE 

BRIOUSE NECGS TO RUN' THE DATA SET 

meieot PLOTRPVS TO PLOT THE E FIELD 

CE 

GW 1,30, 0,0,.41639, 0,0,75.36659, 0.05 90 DEG. MONOPOLE 

GR0,4 TO MAKE 4 RADIALS 

GW 2,30, 0,0,.41639, 74.9502,0,.41639, 0.05 90 DEG. LONG RADIAL 

GE -l 

GN 2, 0, 0, 0, 15, .004 SOMMERFELD GROUND 

PR 0,0,0,0, 1.00 FREQUENCY = 1000 KHZ (AT 1000 KHZ 1 DEG. = 0.85278 M) 
mere t.2.2,1kr8 (USED FOR DNECGSI RUN) 

EX 0,1,2,0,.1 CURRENT DRIVE (FOR DNECGSI RUN) 

PL 3,1,1 (USED FOR DNECGSI RUN) 

RP 0,1,1,1000, 90,0,0,0, 1000 (USED FOR DNECGST RUN) 

EX 0,1,2,0,218.06,218.14 VOLTAGE DRIVE FOR 1 KW PEAK INPUT POWER 
Plus PL3.RP CARDS FROM FILE NECGS RPCARDS (USED FOR DNECGS RUN) 
EN 


19.The following data set was used with the coupled 10 deg. monopoles in free 


space while doing the generic radiator study. 


Ga FILE GFSIi DATA 

Ge eCOUPLED 10 DEG. MONOPOLES IN FREE SPACE 
CM SIX 90 DEG. RADIALS 

ries NUCITURE 2 RADIT ABOVE xX-Y PLANE 
Crig@aeoNrGNeC 1O RUN THE DATA SET 

Cees PLOTVNAB TO PLOT THE E FIELD 

CE 
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GW 1,5, 2.08195,0,.1, 2.08195,0,8.4278, 0.05 10 DEG. MONOPOLE 

GW 2,5, -2.08195,0,.1, -2.08195,0,8:4278, 0.05 10IDEG= iene? ele 

GW 3,1, 0,0,.1, 2.08195,0,.1,.05 RADIAL/+X 

GW 4,29, 4.1639,0,.1; 77-0322,001IF 05 Sia DA ee 

GW 5,1, 0,0,.1, -2.08195,0,.1, 05 RADIAL/-X 

GW 6,29, -4.1639,0,.1, -77.0322,0,.1, .05 RADIAL/-X 

GW 7,1, 2.08195,0,.1, 2.08195,2-08195,.1, US se 4 Ae ae eG 

GW 8,29, 2.08195,2.08195,.1, 2.08195,74.95,.1, 05 RADIAL/+ Y/TAGI 

GW 9,1, 2.08195,0,.1, 2:08195,-2-08195,, I; OS Re ae a ler 

GW 10,29, 2.08195,-2.08195,.1, 2.08195,-74.95,.1, 05 RADIAL/-Y/TAGI 

GW 11,1, -2.08195,0,.1, -2.08195,2.08195,.1, 05 RADIAL/+ Y/TAG2 

GW 12,29, -2.08195,2.08195,.1, -2.08195,74.95,. 1, 20SmR KAD wea y slp 

GW isan -2.08195,0,.1, -2.08195,-2.08195,.1, .05 RADIAL/-Y/TAG2 

GW 14,29, -2.08195,-2.08195,.1, -2.08195,-74.95,.1, .05 RADIAL/-Y/TAG2 

GW 15,1, 2.08195,0,.1, 4.1639,0,-1, 05 SPLICE PORK BOM Nae Ni i) 

GW 16,1, -2.08195,0,.1, -4.1639,0;1,.05 SPLICE FOR EOSIN NERo rie 

GE 0 : 

FR 0,0,0,0, 1.00 FREQUENCY = 1000 KHZ (AT 1000 KHZ 1 DEG. = 0.83278 M) 
LD'4,1,2,2,1E8 (USED PFORSDNEGCGSRr is} 

LD 4,.2,2,2,1E8 (USED FOR DNEGGSHPRW@ 

EX 0,1,2,0,1 CURRENT DRIVE (FOR DNECGSI RUN) 

EX 0,2,2,0,-.99619,.08716 CURRENT DRIVE (FOR DNECGSI RUN) 

PL 3,1,1 (USED FOR DNECGSI RUN) 

RP 0,1,1,1000, 90,0,0,0, 1000 (USED FOR DNECGSI RUN) 

EX 0,1,2,0,709.98,-74384 VOLTAGE DRIVE FOR 1 KW PEAK INPUT POWER 
EX 0,2,2,0,7161.9,74043 VOLTAGE DRIVE FOR 1 KW PEAK INPUT POWER 
PL 3.1,l (USED FOR DNEGCGS RG) 

RP 0,181,1,1000, 90,0,-1,0, 1000 (USED FOR DNECGS RUN) 

| 


20.The following data set was used with the coupled 10 deg. monopoles over perfect 


ground while doing the generic radiator study. 
CM FILE GPGI! DATA 
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CM COUPLED 10 DEG. MONOPOLES OVER PERFECT GROUND 

CM SIX 90 DEG. RADIALS 

CM STRUCTURE 2 RADII ABOVE X-Y PLANE 

CM USE NPGNEC TO RUN THE DATA SET 

CM USE PLOTVNAB TO PLOT THE E FIELD 

CE 

GW 1,5, 2.08195,0,.1, 2.08195,0,8.4278, 0.05 10 DEG. MONOPOLE 

GW 2,5, -2.08195,0,.1, -2.08195,0,8.4278, 0.05 10 DEG. MONOPOLE 

GW 3,1, 0,0,.1, 2.08195,0,.1, .05 RADIAL/+X 

GW 4,29, 4.1639,0,.1, 77.0322,0,.1,.05 RADIAL/+X 

GW 5,1, 0,0,.1, -2.08195,0,.1, .05 RADIAL/-X 

GW 6,29, -4.1639,0,.1, -77.0322,0,.1,.05 RADIAL/-X 

GW 7,1, 2.08195,0,.1, 2.08195,2.08195,.1, 05 RADIAL/+Y/TAGI 

GW 8,29, 2.08195,2.08195,.1, 2.08195,74.95,.1,.05 RADIAL/+Y/TAGI 
GW 9,1, 2.08195,0,.1, 2.08195,-2.08195,.1,.05 RADIAL/-Y/TAGI 

GW 10,29, 2.08195,-2.08195,.1, 2.08195,-74.95,.1, .05 RADIAL/-Y/TAGI 
GW 11,1, -2.08195,0,.1, -2.08195,2.08195,.1, .05 RADIAL/+Y/TAG2 

GW 12,29, -2.08195,2.08195,.1, -2.08195,74.95,.1, .05 RADIAL/+Y/TAG2 
GW 13,1, -2.08195,0,.1, -2.08195,-2.08195,.1, .05 RADIAL/-Y/TAG2 

GW 14,29, -2.08195,-2.08195,.1, -2.08195,-74.95,.1, .05 RADIAL/-Y/TAG2 
GW 15,1, 2.08195,0,.1, 4.1639,0,.1, .05 SPLICE FOR EQ. LN. NR. FEED 
GW 16,1, -2.08195,0,.1, -4.1639,0,.1,.05 SPLICE FOR EQ. LN. NR. FEED 
GE -1 

GN 1 

FR 0,0,0,0, 1.00 FREQUENCY = 1000 KHZ (AT 1000 KHZ 1 DEG. = 0.83278 M) 
LD 4,1,2,2,1E8 (USED FOR DNECGSI RUN) 

LD 4,2,2,2,1E8 (USED FOR DNECGSI RUN) 

EX 0,1,2,0,1 CURRENT DRIVE (FOR DNECGSI RUN) 

EX 0,2,2,0,-.99619..08716 CURRENT DRIVE (FOR DNECGSI RUN) 

PL 3,1,1 (USED FOR DNECGSI RUN) 

RP 0,1,1,1000, 90,0,0,0, 1000 (USED FOR DNECGSI RUN) 

EX 0,1,2,0,6702.5,-816419 VOLTAGE DRIVE FOR 1 KW PEAK INPUT POWER 
EX 0,2,2,0,77809,812785 VOLTAGE DRIVE FOR 1 KW PEAK INPUT POWER 
PL 3,1,1 (USED FOR DNECGS RUN) 

RP 0,181,1,1000, 90,0,-1,0, 1000 (USED FOR DNECGS RUN) 
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EN 


21.The following data set was used with the coupled 10 deg. monopoles over finite 


ground while doing the generic radiator study. 


CM FILE GFGI1 DATA 

CM COUPLED 10 DEG. MONOPOLES OVER FINITE GROUND 

CM SIX 90 DEG. RADIALS 

CM STRUCTURE 2 RADII ABOVE X-Y PLANE 

CM USE NPGNEC TO RUN THE DATA SET 

CM USE PLOTRPVS TO PLOT THE E FIELD 

CE | 

GW 1.5, 2.08195,0,.1, 2.08195,0,8.4278, 0.05 10 DEG. MONOPOLE 

GW 2,5, -2.08195,0,.1, -2.08195,0,8.4278, 0.05 10 DEG. MONOPOLE 
GW 3,1, 0,0,.1, 2.08195,0,.1, .05 RADIAL/+X 

GW 4,29, 4.1639,0,.1, 77.0322,0,.1, 05 RADIAL/+X 

GW 5,1, 0,0,.1, -2.08195,0,.1, .05 RADIAL/-X 

GW 6,29, -4.1639,0,.1, -77.0322,0,.1,.05 RADIAL/-X 

GW 7,1, 2.08195,0,.1, 2.08195,2.08195,.1,.05 RADIAL/+ Y/TAGI 

GW 8,29, 2.08195,2.08195,.1, 2.08195,74.95,.1, .05 RADIAL/+Y/TAGI 
GW 9,1, 2.08195,0,.1, 2.08195,-2.08195,.1, .05 RADIAL/-Y/TAGI 

GW 10,29, 2.08195,-2.08195,.1, 2.08195,-74.95,.1, .05 RADIAL/-Y/TAGI 
GW 11,1, -2.08195,0,.1, -2.08195,2.08195,.1,.05 RADIAL/+ Y/TAG2 

GW 12,29, -2.08195,2.08195,.1, -2.08195,74.95,.1,.05 RADIAL/+Y/TAG2 
GW 13,1, -2.08195,0,.1, -2.08195,-2.08195,.1, .05 RADIAL/-Y/TAG2 

GW 14,29, -2.08195,-2.08195,.1, -2.08195,-74.95,.1, .05 RADIAL/-Y/TAG2 
GW 15,1, 2.08195,0,.1, 4.1639,0,.1, .05 SPLICE FOR EQ. LN. NR. FEED 
GW 16,1, -2.08195,0,.1, -4.1639,0,.1,.05 SPLICE FOR EQ. LN. NR. FEED 
GE -1 

GN 2, 0, 0, 0, 15, .004 SOMMERFELD GROUND 

FR 0,0,0,0, 1.00 FREQUENCY = 1000 KHZ (AT 1000 KHZ 1 DEG. = 0.83278 M) 
LD 4,1,2,2,.1E8 (USED FOR DNECGSI RUN) 

LD 4,2,2,2,1E8 (USED FOR DNECGSI RUN) 

EX 0,1,2,0,1 CURRENT DRIVE (FOR DNECGSI RUN) 
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EX 0,2,2,0,-.99619,.08716 CURRENT DRIVE (FOR DNECGSI RUN) 

PL 3,1,1 (USED FOR DNECGSI RUN) 

RP 0,1,1,1000, 90,0,0,0, 1000 (USED FOR DNECGSI RUN) 

EX 0,1,2,0,267.64,-22599 VOLTAGE DRIVE FOR 1 KW PEAK INPUT POWER 

EX 0,2,2.0,2166.6.22673 VOLTAGE DRIVE FOR 1 KW PEAK INPUT POWER 

PLUS PL3,RP CARDS FROM FILE ‘NECGS RPCARDS’ (USED FOR DNECGS RUN) 
EN 


22.The following data set was used with the coupled 10 deg. monopoles 0.5 deg. 


over finite ground while doing the generic radiator study. 


CM FILE GFG11-1 DATA 

CM COUPLED 10 DEG. MONOPOLES 0.5 DEG. OVER FINITE GROUND 

CM SIX 90 DEG. RADIALS 

CM STRUCTURE 2 RADIT ABOVE X-Y PLANE 

CM USE NPGNEC TO RUN THE DATA SET 

CM USE PLOTRPVS TO PLOT’THE E FIELD 

Cr 

GW 1,5, 2.08195,0,.41639, 2.08195,0,8.74419, 0.05 10 DEG. MONOPOLE 

GW 2,5, -2.08195.0,.41639, -2.08195,0,8.74419, 0.05 10 DEG. MONOPOLE 

GW 3,1, 0,0,.41639, 2.08195,0,.416359, .05 RADIAL/+X 

GW 4,29, 4.1639,0,.41639, 77.0322,0,.41639, .05 RADIAL/+X 

GW 5,1, 0,0,.41639, -2.08195,0,.41639, .05 RADIAL/-X 

GW 6,29, -4.1639,0,.41639, -77.0322,0,.41639, 05 RADIAL/-X 

GW 7,1, 2.08195,0,.41639, 2.08195,2.08195,.41639, 05 RADIAL/+ Y/TAGI 

GW 8,29, 2.08195,2.08195,.41639, 2.08195,74.95,.41639, .05 RADIAL! + Y/TAGI 
GW 9,1, 2.08195,0,.41639, 2.08195,-2.08195,.41639, .05 RADIAL/-Y/TAGI1 

GW 10,29, 2.08195,-2.08195,.41639, 2.08195,-74.95,.41639, .05 RADIAL/-Y/TAGI 
rel) =2:05195,0,. 41659, -2:08195,2-08195,-41039, 05 RADIAL/+ Y/TAG2 

GW 12,29, -2.08195,2.08195,.41639, -2.08195,74.95,.41639, .05 RADIAL/+ Y/TAG2 
GW 13,1, -2.08195,0,.41639, -2.08195,-2.08195,.41639, 05 RADIAL/-Y/TAG2 

GW 14,29, -2.08195,-2.08195,.41639, -2.08195,-74.95,.41639, .05 RADIAL/-Y/TAG2 
pena eer onss, 0.4 1os9, 4.1659,0,.41639, 05 SPLICE FOR EQ. LN. NR. FEED 
GW 16,1, -2.08195,0,.41639, -4.1639,0,.41639, .05 SPLICE FOR EQ. LN. NR. FEED 
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GE -l 

GN 2, 0, 0,0, 15, .004 SOMMERFELD GROUND 

FR 0,0,0,0, 1.00 FREQUENCY = 1000 KHZ (AT 1000 KHZ 1 DEG. = 0.83278 M) 
LD 4,1,2,2,1E8 (USED FORD VECGSE Re) 

LD 4,2,2,2,1E8 (USED FOR DNECGSI RUN) 

EX 0,1,2,0,1 CURRENT DRIVE (FORK DINECGSIFRG, 

EX 0,2,2,0,-.99619,.08716 CURRENT DRIVE (FOR DNECGSI RUN) 

PL 3,1,1 (USED ROR DNECGSERUN) 

RP 0,1,1,1000, 90,0,0,0, 1000 (USED FOR DNECGST RUN) 

EX 0,1,2,0,388.89,-48037 VOLTAGE DRIVE FOR 1 KW PEAK INPUT POWER 
EX 0,2,2,0,4538.7,47893 VOLTAGE DRIVE FOR 1 KW PEAK INPUT POWER 
PLUS PL3,RP CARDS FROM FILE “NECGS RPCARDS’ (USED FOR DNECGS RUN) 
EN 


23.The following is a listing of file’”*"NECGS RPCARDS” used as a part of all the 
data sets which mocel a structure over finite ground and are required to output the ° 
spacewave E field (PL3, RPO cards), and the groundwave E field added to the spacewave 
E field (PL3, RPI cards). Fortran code RP! MAKER was Used to produce PL3, RPI | 


cards. 


Plone 

RP 0,90,1,1000, 90,180,-1,0, 1000 

Piezo gle 

RP 0,91,1,1000, 0,0,1,0, 1000 

Eis, bal 

RP1,1,1,1000,0.000E + 00,0.180E + 03,0.,0.,0.100E +04 
Tle le 
RP1,1,1,1000,0.175E + 02.0. 1S0E +03 °0_,0_ 0100804 
Teese tal 
RP1I,1,1,1000,0. 3492 --02,0 1sCE- Oar eOn Ur ean es 
Piesel al 

RP1,1, 81000 05238 02,0. 1S0B = 030m0 792 eae 
PLS la 

RPI, 1, 1000:0.6982 020.1808 +00 0202 ores 


Ipz 


PL3,1,1 
RP1,1,1,1000,0.872E + 02,0.180E + 03,0.,0.,0.996E + 03 
PL3,1,1 

RP1,1,1,1000,0.105E+ 03,0.180E + 03,0.,0.,0.995E+03 
PL3,1,1 

RP1,1,1,1000,0.122E + 03,0.180E + 03,0.,0.,0.993E +03 
PL3.1,1 

RP1,1,1,1000,0.139E + 03,0.180E + 03,0.,0.,0.990E + 03 
PL3.1,1 
RP1,1,1,1000,0.156E + 03,0.180E + 03,0.,0.,0.988E + 03 
PL3,1,1 
RP1,1,1,1000,0.174E + 03,0.180E + 03,0.,0.,0.985E +03 
Pies 1,1 
RP1,1.1.1000,0.191E + 03,0.180E +03,0..0.,0.982E +03 
piSti1 

RPI,1,1,1000,0.208E + 03,0.180E + 03.0.,0.,0.978E+ 03 
PL3,1,1 | 
RP1,1,1,1000,0.225E + 03,0.180E + 03,0.,0.,0.974E+ 03 
PL3,1,1 

RP1,1,1,1000,0.242E + 03,0.180E, + 03,0.,0.,0.970E + 03 
PL3,1,1 
RP1,1,1,1000,0.259E + 03,0.180E + 03,0.,0.,0.966E +03 
Pibstt,} 
RP1,1,1,1000,0.276E + 03,0.180E + 03,0.,0.,0.961E +03 
PL3,1,1 

RP1,1,1,1000,0.292E + 03,0.180E + 03,0.,0.,0.956E+ 03 
PL3,1.1 

RP1,1,1,1000,0.309E + 03,0.180E + 03,0.,0.,0.951E +03 
PL3,1,1 
RP1,1.1,1000,0.326E + 03,0. 180E + 03,0.,0.,0.946E + 03 
PL3,1,1 

RP1,1,1.1000,0.342E + 03,0.180E + 03,0.,0.,0.940E +03 
PL3,1,1 

RPI,1,1,1000,0.358E + 03,0.180E + 03,0.,0.,0.934E + 03 
PL3,1,1 


RP1,1,1,1000,0.375E + 03,0.180E + 03,0.,0.,0.927E + 03 
PL3,1,1 
RP1,1,1,1000,0.391E + 03,0.180E + 03,0.,0.,0.921E + 03 
Penal 
RP1,1,1,1000,0.407E + 03,0.180E + 03,0.,0.,0.914E +03 
PL3,1,1 

RP1,1,1,1000,0.423E + 03,0.180E + 03,0.,0.,0.906E + 03 
PL3,1,1 | 
RP1,1,1,1000,0.438E + 03,0.180E + 03,0.,0.,0.899E+ 03 
PL3,1,1 
RP1,1,1,1000,0.454E + 03,0.180E + 03,0.,0.,0.891E +03 
PL3,1,1 
RP1,1,1,1000,0.469E + 03,0.180E + 03,0.,0.,0.883E +03 
PL3,1,1 

RP1,1,1,1000,0.485E + 03,0.180E + 03,0.,0.,0.875E +03 
PL3,1,1. 
RP1,1,1,1000,0.500E + 03,0.180E + 03,0.,0.,0.866E +03 
PL3,1,1 
RP1,1,1,1000,0.515E + 03,0.180E + 03,0.,0.,0.857E + 03 
PL3,1,1 
RP1,1,1,1000,0.530E + 03,0.180E + 03,0.,0.,0.848E + 03 
PL3,1,1 

RP1,1,1,1000,0.545E + 03,0.180E + 03,0.,0.,0.839E+ 03 
PL3,1,1 
RP1,1,1,1000,0.559E + 03,0.180E + 03,0.,0.,0.829E +03 
PL3,1,1 
RP1,1,1,1000,0.574E + 03,0.180E + 03,0.,0.,0.819E +03 
PL3,1,1 
RP1,1,1,1000,0.588E + 03,0.180E + 03,0.,0.,0.809E + 03 
PL3,1,1 

RP1,1,1,1000,0.602E + 03,0.180E + 03,0.,0.,0.799E +03 
PL3,1,1 
RPI,1,1,1000,0.616E + 03,0.180E + 03,0.,0.,0.788E + 03 
PL3,1,1 
RP1,1,1,1000,0.629E + 03,0.180E + 03,0.,0.,0.777E + 03 
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PL3,1,1 

RP1,1,1,1000,0.643E + 03,0.180E + 03,0.,0.,0.766E + 03 
PL3,1,1 
RP1,1,1,1000,0.656E + 03,0.180E+ 03,0.,0.,0.755E+03 
PL3,1,1 

RP1,1,1,1000,0.669E + 03,0.180E + 03,0.,0.,0.743E+ 03 
Pies, 1 
RP1,1,1,1000,0.682E + 03,0.180E + 03,0.,0.,0.731E+03 
PL3,1,1 

RP1,1,1,1000,0.695E + 03,0.180E + 03,0.,0.,0.719E +03 
PL3,1,1 

RP1,1,1,1000,0.707E + 03,0.180E + 03,0.,0.,0.707E +03 
PL3,1.1 
RP1.1.1.1000,0.719E + 03.0.180E + 03.0.,0.,0.695E +03 
PL3,1,1 
RP1.1,1.1000,0.731E + 03,0.180E + 03,0.,0.,0.682E + 03 
PL3,1,1 

RP1,1,1,1000,0.743E + 03,0.180E + 03,0.,0.,0.669E + 03 
PL3,1,1 | 
RP1,1,1,1000,0.755E + 03,0.1S80E + 03.0.,0.,0.656E +03 
PL3,1,1 

RP1.1.1,1000,0.766E + 03,0.180E + 03,0.,0.,0.643E + 03 
PL3.1,1 

RP1,1,1,1000,0.777E + 03,0.180E + 03,0.,0.,0.629E + 03 
part 

RP1,1,1,1000,0.788E + 03,0.180E + 03,0.,0.,0.616E +03 
PWS, 1,1 

RP1,1,1,1000,0.799E + 03,0.180E + 03,0.,0.,0.602E+ 03 
PL3,1,1 

RP1,1,1,1000,0.809E + 03,0.180E + 03,0.,0.,0.588E + 03 
Pes), 
RP1,1,1,1000,0.819E + 03,0.180E + 03,0.,0.,0.574E +03 
PL3,1.1 

RP1.1,1,1000,0.829E + 03,0.180E + 03,0.,0.,0.559E +03 
PL3,1,1 


RP1,1,1,1000,0.839E + 03,0.180E + 03,0.,0.,0.545E + 03 
PL3,1,1 
RP1,1,1,1000,0.848E + 03,0.180E + 03,0.,0.,0.530E +03 
PL3,1,1 
RP1,1,1,1000,0.857E + 03,0.180E + 03,0.,0.,0.515E +03 
PL3,1,1 

RP1,1,1,1000,0.866E + 03,0.180E + 03,0.,0.,0.500E + 03 
PL3,1,1 

RP1,1,1,1000,0.875E + 03,0.180E + 03,0.,0.,0.485E +03 
PL3,1,1 
RP1,1,1,1000,0.883E + 03,0.180E + 03,0.,0.,0.469E + 03 
PL3,1,1 

RP1,1,1,1000,0.891E + 03,0.180E + 03,0.,0.,0.454E + 03 
PL3,1,1 : 
RP1,1,1,1000,0.899E + 03,0.180E + 03,0.,0.,0.438E +03 
PL3,1,1 
RP1,1,1,1000,0.906E + 03,0.180E + 03,0.,0.,0.423E +03 
Piece 
RP1,1,1,1000,0.914E + 03,0.180E + 03,0:,0.,0.407E + 03 
PL3,1,1 ‘ae 
RP1,1,1,1000,0.921E + 03,0.180E + 03,0.,0.,0.391E + 03 
PL3,1,1 
RP1,1,1,1000,0.927E + 03,0.180E + 03,0.,0.,0.375E +03 
PL3,1,1 
RP1,1,1,1000,0.934E + 03,0.180E + 03,0.,0.,0.358E +03 
PL3,1,1 | 
RP1,1,1,1000,0.940E + 03,0.180E + 03,0.,0.,0.342E+ 03 
PL3,1,1 
RP1,1,1,1000,0.946E + 03,0.180E + 03,0.,0.,0.326E + 03 
PL3,1,1 
RP1,1,1,1000,0.951E + 03,0.180E + 03,0.,0.,0.309E + 03 
PL3,1,1 
RP1,1,1,1000,0.956E + 03,0.180E + 03,0.,0..0.292E + 03 
PL3,1,1 
RP1,1,1,1000,0.961E + 03,0.180E + 03,0.,0..0.276E + 03 
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PL3,1,1 

RP1,1,1,1000,0.966E + 03,0.180E + 03,0.,0.,0.259E+ 03 
PL3,1,1 

RP1,1,1,1000,0.970E + 03,0.180E + 03,0.,0.,0.242E + 03 
PL3,1,1 
RP1,1,1,1000,0.974E + 03,0.180E + 03,0.,0.,0.225E +03 
PL3.1,1 
RP1,1,1,1000,0.978E + 03,0.180E + 03,0.,0.,0.208E +03 
Bese. 
RP1,1,1,1000,0.982E + 03,0.180E + 03,0.,0.,0.191E +03 
PL3,1,1 
RP1,1,1,1000,0.985E + 03,0.180E + 03,0.,0.,0.174E +03 
Pies, 1 
RP1,1,1.1000,0.988E + 03,0.180E + 03.0.,0.,0.156E +03 
PL3,1.1 

RP1.1,1,1000,0.990E + 03,0.180E + 03,0.,0.,0.139E +03 
PL3,1,1 
RP1,1,1,1000,0.993E +03,0.180E + 03,0.,0.,0.122E +03 
PL3,1.1 
RP1,1,1,1000,0.995E + 03,0.180E + 03,0.,0.,0.105E+03 
PL3,1,1 | 
RP1,1,1,1000,0.996E + 03,0.180E + 03,0.,0.,0.872E + 02 
PL3,1,1 

RP1,1,1,1000,0.998E + 03,0.180E + 03,0.,0.,0.698E+ 02 
PL3,1,1 

RP1,1,1,1000,0.999E + 03,0.180E + 03,0.,0.,0.523E+ 02 
PL3,1,1 
RP1,1,1,1000,0.999E + 03,0.180E + 03,0.,0.,0.349E + 02 
PL3,1,1 
RP1,1,1,1000,0.100E + 04,0.180E + 03,0.,0.,0.175E +02 
PL3,1,1 

RP1,1,1,1000,0.100E + 04,0.000E + 00,0.,0.,0.000E + 00 
PL3,1,1 

RP1,1,1,1000,0.100E + 04,0.000E + 00,0.,0.,0.175E +02 
PL3,1,1 


RP1,1,1,1000,0.999E + 03,0.000E + 00,0.,0.,0.349E +02 
PL3,1,1 

RP1,1,1,1000,0.999E + 03,0.000E + 00,0.,0.,0.523E +02 
PL3,1,1 

RP1,1,1,1000,0.998E + 03,0.000E + 00,0.,0.,0.698E +02 
PL3,1,1 

RP1,1,1,1000,0.996E + 03,0.000E + 00,0.,0.,0.872E + 02 
PL3,1,1 

RP1,1,1,1000,0.995E + 03,0.000E + 00,0.,0.,0.105E +03 
PL3,1,1 

RP1,1,1,1000,0.993E + 03,0.000E + 00,0.,0.,0.122E+ 03 
PL3,1,1 

RP1,1,1,1000,0.990E + 03,0.000E + 00,0.,0.,0.139E + 03 
PL3,1,1 | 

RP1,1,1,1000,0.988E + 03,0.000E + 00,0.,0.,0.156E + 03 
PL3,1,1 

RP1,1,1,1000,0.985E + 03,0.000E +00,0.,0.,0.174E +03 
Bison } | 
RP1,1,1,1000,0.982E + 03,0.000E +00,0.,0.,0.191E +03 
PL3,1,1 

RP1,1,1,1000,0.978E + 03,0.000E + 00,0.,0,,0.208E + 03 
PL3,1,1 
RP1,1,1,1000,0.974E + 03,0.000E + 00,0.,0.,0.225E + 03 
PL3,1,1 
RP1,1,1,1000,0.970E + 03,0.000E + 00,0.,0.,0.242E + 03 
PL3,1,1 
RP1,1,1,1000,0.966E + 03,0.000E + 00,0.,0.,0.259E + 03 
PL3,1,1 
RP1,1,1,1000,0.961E + 03,0.000E + 00,0.,0.,0.276E +03 
PL3,1,1 
RP1,1,1,1000,0.956E + 03,0.000E + 00,0.,0..0.292E + 03 
PL3,1,1 

RP1,1,1.1000.0.951E + 03,0.000E + 00,0.,0.,0.309E +03 
PL3,1,1 

RP1,1,1,1000,0.946E + 03,0.000E + 00,0.,0.,0.326E + 03 
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Pinsel; 1 

RP1,1,1,1000,0.940E + 03,0.000E + 00,0.,0.,0.342E+ 03 
mie, | 

RP1,1,1,1000,0.934E + 03,0.000E + 00,0.,0.,0.358E +03 
Iie), 1 

Fer 00020.927E + 03,0;000E +00,0.,0.,0.375E + 03 
Pies, |,| 

RP1,1,1,1000,0.921E + 03,0.000E + 00,0.,0.,0.391E+03 
Pisrl,! 

RP1,1,1,1000,0.914E + 03,0.000E + 00,0.,0.,0.407E + 03 
fico), | 

RP1,1,1,1000,0.906E + 03,0.000E + 00,0.,0.,0.423E+03 
rae>,1,1 

~RP1,1,1,1000,0.899E + 03,0.000E + 00,0.,0.,0.438E +03 
raeoy | 

RP1,1,1,1000,0.891E + 03,0.000E + 00,0.,0.,0.454E + 03 
Ess, 1 . 

RP1,1,1,1000,0.883E + 03,0.000E + 00,0.,0.,0.469E +03 
he, 1,1 

RP1,1,1,1000,0.875E + 03,0.000E + 00,0.,0.,0.485E+03 
tee o, 1,1 - 

RP1,1,1,1000,0.866E + 03,0.000E + 00,0.,0.,0.500E+ 03 
es, 1,1 

RP 1,1, 1,1000,0.857E + 03,0.000E + 00,0.,0.,0.515E +03 
Ploy, | 

RP1,1,1,1000,0.848E + 03,0.000E + 00,0.,0.,0.530E +03 
ras5,i,1 

PP], 1,1,1000,0.839E + 03,0.000E +00,0.,0.,0.545E +03 
ee, 1, 1 

ie, 1, 10000. S298 + 03,0:000E + 00;0-,0.,0:559E + 03 
eee, i 

RP1,1,1,1000,0.819E + 03,0.000E + 00,0.,0.,0.574E + 03 
ales. ,1 

RP1,1,1,1000,0.809E + 03,0.000E + 00,0.,0.,0.588E + 03 
Pe, 11 
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RP1,1,1,1000,0.799E + 03,0.000B 00050. .0:002 Eanes 
Pie lel 
RP1,1,1,1000,0.788E + 03,0.000E + 00,0.,0.,0.616E + 03 
Pissed 
RP1,1,1,1000,;0.777E 03,0, 000E 001070. 0620 0s 
Pisa 
RP1,1,1,1000,0.766E + 03,0.000E + 00,0.,0.,0.643E +03 
Piast 
RP1,1,1,1000,0.755E + Os 00CE 00107070 cock + os 
PL3,1,1 
RP1,1,1,1000,0.743E + 03,0.000E + 00,0.,0.,0.669E + 03 
Pos 
RP1,1,1, 1000, 0721 + 03,0:0008 7700020) OosZE a.03 
Piss 
RP1,1,1,1000,0,7 I9E + 03:0:000L --00:0-0 0.055 e 0. 
PLS 
RP1,1,1,1000,0.707E + 03,0.000E + 00,0.,0.,0.707E + 03 
Pe Sake 
RP1,1,1,1000,0.695E + 03,0.000E + 00,0.,0.,0.719E + 03 
Passel 
RPI,1,1,1000,0:082E = 03-0, 000E 00070707 aE 0s 
Esa 
RP1,1,1,1000,0.669E + 03,0.000E + 00,0.,0.,0.743E+03 
iSelel 
RPI,!,1,1000,0-056E +-03,0 000E+ CC 0.07G e503 
Pileosial 
RP1,1,1,1000,0.643E + 03,0.000E + 00,0.,0.,0.766E + 03 
PES ei 
RP1,1,1,1000,0.629E 4503,0.000E +-00:030505777Ea203 
Pes rs| 
RP1,1,1,1000,0.616E +03,0.000E + 00,0.,0.,0. 7#8E +03 
Poe 
RP1,1,1,1000,0.602E + 03,0.000E + 00,0.,0.,0.799E + 03 
Bisel 
RP1,1,1,1000,0.588E + 03,0.000E + 00;0:,0.,0:S09E +03 
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PL3,1,1 

RP1,1,1,1000,0.574E + 03,0.000E + 00,0.,0.,0.819E +03 
PL3,1,1 
RP1,1,1,1000,0.559E + 03,0.000E + 00,0.,0.,0.829E + 03 
Pie3,1,1 

RP1,1,1,1000,0.545E + 03,0.000E + 00,0.,0.,0.839E + 03 
PL3,1,1 
RP1,1,1,1000,0.530E + 03,0.000E + 00,0.,0.,0.848E + 03 
Peel: 1 

RP1,1,1,1000,0.515E + 03,0.000E + 00,0.,0.,0.857E +03 
PL3,1,1 

RP1,1,1,1000,0.500E + 03,0.000E + 00,0.,0.,0.866E + 03 
PL3,1,1 
RP1,1.1,1000,0.485E + 03,0.000E + 00,0.,0.,0.875E +03 
bass. 

RP1,1,1,1000,0.469E + 03,0.000E + 00,0.,0.,0.883E + 03 
PL3,1,1 
RP1,1,1,1000,0.454E + 03,0.000E + 00,0.,0.,0.891E +03 
PL3,1,1 | 
RP1,1,1,1000,0.438E + 03,0.000E + 00,0.,0.,0.899E +03 
PL3,1,1 
RP1,1,1,1000,0.423E + 03,0.000E + 00,0.,0.,0.906E + 03 
PL3,1,1 | 
RP1,1,1,1000,0.407E + 03,0.000E + 00,0.,0.,0.914E + 03 
PL3,1,1 
RP1,1,1,1000,0.391E + 03,0.000E + 00,0.,0.,0.921E +03 
PL3;1,1 | 
RP1,1,1,1000,0.375E + 03,0.000E + 00,0.,0.,0.927E + 03 
Biles 1 

RP1,1,1,1000,0.358E + 03,0.000E + 00,0.,0.,0.934E + 03 
PL3,1,1 

RP1,1,1,1000,0.342E + 03,0.000E + 00,0.,0.,0.940E +03 
PL3,1,1 

RP1,1,1,1000,0.326E + 03,0.000E + 00,0.,0.,0.946E +03 
PL3,1,1 
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RP1,1,1,1000,0.309E + 03,0.000E + 00,0.,0.,0.951E +03 
PL3,1,1 

RP1,1,1,1000,0.292E + 03,0.000E + 00,0.,0.,0.956E + 03 
PL3,1,1 

RPI,1,1,1000,0.276E + 03,0.000E + 00,0.,0.,0.961E + 03 
PL3,1,1 

RP1,1,1,1000,0.259E + 03,0.000E + 00,0.,0.,0.966E + 03 
Pusoeie 

RP1,1,1,1000,0.242E + 03,0.000E + 00,0.,0.,0.970E + 03 
PL3,1,1 

RP1,1,1,1000,0.225E + 03,0.000E + 00,0.,0.,0.974E + 03 
PL3,1,1 

RP1,1,1,1000,0.208E + 03,0.000E + 00,0.,0.,0.978E + 03 
PL3,1,1 | 
RP1,1.1,1000,0.191E + 03,0.000E + 00,0.,0.,0.982E + 03 
PL3,1,1 
RP1,1,1,1000,0.174E + 03,0.000E + 00,0.,0.,0.985E+ 03 
PL3,1,1 
RP1,1,1,1000,0.156E + 03,0.000E + 00,0.,0.,0.988E + 03 
Boni im : 
RP1,1,1,1000,0.139E +03,0.000E +'00,0.,0.,0.990E + 03 
PL3,1,1 

RP1,1,1,1000,0.122E + 03,0.000E + 00,0.,0.,0.993E + 03 
PL3,1,1 

RP1,1,1,1000,0.105E + 03,0.000E + 00,0.,0.,0.995E + 03 
PL3,1,1 | 

RP1,1,1,1000,0.872E + 02,0.000E + 00,0.,0.,0.996E + 03 
PL3,1,1 

RP1,1,1,1000,0.698E + 02,0.000E + 00,0.,0.,0.998E + 03 
PL3,1,1 

RP1,1,1,1000,0.523E + 02,0.000E + 00,0.,0.,0.999E + 03 
PL3,1,1 

RP1,1,1,1000,0.349E + 02,0.000E + 00,0.,0.,0.999E +03 
PL3,1,1 

RP1,1,1,1000,0.175E + 02,0.000E + 00,0.,0.,0.100E + 04 
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Pieoyt) | 
RP1,1,1,1000,0.000E + 00,0.000E + 00,0.,0.,0. 1OOE + 04 
oN 
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APPENDIX C 
NUMERICAL ELECTROMAGNETIC CODE 


1 INTRODUCTION 
The Numerical Electromagnetic Code (NEC) is a computer code developed at the 

Lawrence Livermore Laboratory, Livermore, California for the analysis of the 
electromagnetic response of antennas and other metal structures. It accomplishes this 
by numerically solving the integral equations for the currents induced on the structures 
by the excitation sources or incident fields. The integral equations used by the NEC 
program are: 

e Electric field integral equation (EFIE) and 

e Magnetic field integral equation (MFIE) 


2, ELECTRIC FIELD INTEGRAL EQUATION (EFIE) 

The NEC program uses EFIE for thin wire structures of small’or vanishing 
conductor volume. The EFIE has also been used successfully to model surfaces with 
thin wire grids. The EFIE as used in NEC is: 


E(r) = -jn/4rk f. J(r’).G(r,r')dv’ (eqn C.1) 


where: 
E (r) = Electric field due to volume current distribution J(r’). 
G(r.r') = (k°1+ VV)g(r,0') 
g(r,r) = exp(-jk|r-r’])/|r-r'| (Gas function) 
k = OV (Hy £9) 


Urey (a Sq) 
The following assumptions are made in NEC for solving the EFIE for thin wires: 
e Only the axial currents are considered and the transverse currents are neglected. 


e The circumferential variation in the axial current is assumed negligible and 
therefore neglected. 


e The axial current is represented by a filament on the wire axis. 


e The electric field boundary conditions are enforced in the axial direction onlv. 
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With the above assumptions and considerable calculus [Ref. 4: p 3-5, vol.1], the 


EFIE 1s reduced to the following scalar form: 
-s.E\r) = -jn/4rtk}; I(s’) (k2s.5'-67/Asds o(r,r’).ds’ (eqn C.2) 


where E}(r) is the incident electric field, r’ is the point at s’ on the wire axis and r’ is a 


point at s on the wire surface. 


3. MAGNETIC FIELD INTEGRAL EQUATION 

The NEC program uses MFIE for voluminous structures especially one with 
large smooth surfaces. The MFIE fails for the thin wire analvsis. For a hybrid structure 
consisting of both wires and surfaces the EFIE and MFIE can be combined together. 
The MFIE as used by NEC 1s given by: 


1/25 ,(r’)-1/4nf n(r,) x {J (r)xV'g(ry.r }dA’ = n(y)xH'(rQ) (eqn C.3) 


Where J_ is the surface current distribution induced by an external field H! and g 
is the free space Green’s function exp(-jk|r-r’])/|r-r']. The magnetic field requires that 


only closed conducting surfaces be modeled. 


4. NUMERICAL SOLUTION 
The EFIE and MFIE are solved in NEC by the method of moments. For wires, a 
basis function is selected and the current expanded over a number of segments on the 


wire. The total current on the Jth segment is given by: 

I (s) = A, + B:Sink(s-s.) + C,Cosk(s-s-) |s-s;| < Vi/2 (eqn C.4) 
where V is the length of the jth segment and s. ispuieevaime Of S at the center of 
segment j. A,, B, and C. are the three unknown constants. Two of these three unknown 
constants are eliminated by local conditions on the current. The third unknown 


constant depends on the current amplitude and is determined by the matrix equation: 


[GJ] = [E] (eqn C.5) 
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The above matrix equation is solved by the Gauss elimination method. The matrix G is 
factorized into a product of an upper and a lower triangular matices. The solution for 
the current I is obtained by a forward and then a backward substitution. 

The solution of these matrices are the most time consuming step in the analysis 
of a radiating structure. However synimetries of the structure can greatly reduce this 


computation time. 


5. FEATURES 

Using the EFIE and MFIE or a combination of these, the NEC code can be used 
to model a wide range of structures. The structure may be modeled in free space, over 
perfect ground or over a finite ground. The model can consist of both radiating 
structures, nonradiating networks and transmission lines connecting parts of the 
structure. The structure can be loaded with lumped load, and the load can be either 
resistance, inductance, capacitance or a combination of these. s 

The structure may be excited with either a voltage source, a current source or an 
incident plane wave of linear or elliptical polarization. The output options include 
antenna’s input impedance, gain, power budget, efficiency, radiation patterns, currents, 


charge distribution, coupling, near field values, far field values and polarization. 


6 WIRE MODELING GUIDELINES 

Wire segment modeling in NEC involves both geometrical and electrical factors. 
A wire segment is defined by the coordinates of segment’s end points and radius. 
Geometrically the end points of the segments should be defined such that the segments 
follow the path of the conductor as closely as possible. The accuracy of the results 
depend on both, the geometrical and electrical constraints. Following are the electrical 
considerations for wire segment modeling: 


(a) The segment length A relative to the wavelength d is a key factor: 


e A should not be less than 10°? 4 in any case. 
e A should be 0.05% or less while modeling critical regions. 
e <A should be less than 0.1% for accurate results in most of the cases. 


(b) The segment radius @ should be small relative to both segment length A and 
wavelength A 


¢ «should be less than 0.1A 
e «should be less than 0.125A 
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® can be less than 0.5A, but this would need the extended thin wire kernel 
option by placing EK card in the data set. 


(c) Connected segments must have identical coordinates for the connected ends. 
NEC assumes two segments ends connected, if the separation between the 
segments ends is less than 10°? times the length of the shortest segment. 


(d) Segment intersection other than at their ends does not allow current to flow 
from one segment to the other. 


(e) Large radius changes in the wire should be avoided particularly if it consists of 
short segments. If the segments have large radius, then sharp bends should 
also be avoided. 


(f) While modeling a solid structure with wire grid, a large number of segments 
should be used. 


(g) A segment is needed at the point where a network connection, a voltage or a 
current source is going to be located. 


(h) Base fed wire connected to ground should be vertical. 


(1) The segments on either sides of the excitation source should be parallel and 
have the same lengths and radii. 


(j)° Parallel wires should be several radii apart. 

(k) Before modeling a structure, the limit on the number of segments and the 
number of connection points should be checked in, the log of dimension 
changes bv getting the code for the particular version of NEC from the 
Fortran library. 

7. MODELING STRUCTURES OVER GROUND 

NEC offers several options for modeling antenna over ground plane. This 
includes modeling over a perfect ground or a ground with finite conductivity o and 
permitivity €. There are two options for modeling the structure over finite ground. One 
uses the reflection co-efficient approximation and the other one is based on the 
Sommerfeld’/Norton method. The reflection co-efficient approximation is fast but less 
accurate as compared with Sommerfeld/Norton method. When using 
Sommerfeld/Norton method, NEC requires an input data file “File FT21FO0O1 Bd’, 
which 1s produced by runing a program SOMNTX. The input data file for SOMNTX 
run should be of type ‘SDATA’ containing frequency and the ground parameters € and 
ut. The same frequency and the ground parameters need also be specified with the GN 
card in the NEC data set. The NEC program compares the complex dielectric constant 
E, = €. - jG6 We, generated by the GN card with the one produced by the SOMNTX 
run, if the difference is greater than 1079, it gives an error message. The input data file 
‘FILE FI21F001 B4’ can be saved and reused for structures with the same frequency 
and ground parameters. While modeling structures over ground plane, care needs to 
be taken to specify the parameter for the GE card. The options for the use of GE card 


are given in Table 8. 
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TABLE 8 
GE CARD Or MONS ieNEe 
GE0 Gell 


No Ground 
Ground 


Svmmetry Check 
Buried Wires 
Through Wires 
Touch Wires: : 
Connected 


Insulated 
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